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I. INTRODUCTION 

The world shrimp production has reached 712000 MT in 1995, 57% of which 

is contributed by the tiger shrimp Penaeus monodon Fabricius (Rosenberry, 1995) 

A major share of this production is from Asia, especially from the south east Asian 

countries, where it is cultured either in extensive or intensive systems. It is the best 

suited candidate species for large scale farming in estuarine and brackish water 

ecosystems due to tolerance to wide range of environmental conditions, fast growth 

rate, efficient feed conversion and high market demand. 

The fast pace in the development of shrimp culture can be mainly attributed to 

the advent of artificial feeds which has become the key to its success. Feed is 

normally the largest single item in the running expenditure of the shrimp farm and 

accounts for 40- 60% of its total operational cost. Hence the development of an 

efficient low cost ration which gives maximum production within a minimum period 

is of-paramount importance for commercially viable shrimp farming. This has led to 

intensive works in the field of nutritional research allover the world to explore the 

possibility of suitable combination of known nutrients and additives. Growth 

promoters are one among the new class of additives which can play a vital role in 

improving the performance and efficiency of the commercial feeds. 

Growth promoters are non-nutritive materials which at very low levels of 

incorporation in the feed increases the feed utilisation (Viola and Arieii, 1987). The 

addition of these substances were found to improve the performance and feed 

efficiency by 10- 20%. To be effective as a commercial growth promoter it must be 
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cheap, capable of being delivered in the feed and should have nil residues in the flesh 

when sold. 

Growth promoters have been used quite extensively in the meat producing 

industry over a long period. In the field of aqua culture their application is rather 

recent and limited. They are incorporated in the feed for salmonids, channel cat fish 

and tilapia. The benefit of using growth promoting substance is that they help to 

produce a higher growth within a short duration while improving feed utilisation. 

The important growth promoters currently used in aquaculture feeds are 

antibiotics, hormones and enzymes. However the growing concern over evolution of 

resistant strains of bacteria due to continued application of antibiotics and the fear of 

residues of steroid hormones in the tissue together with the limited use of enzymes 

necessitated the identification of new growth promoters which are safe to be used. 

This has led to the utilisation of crustacean shells or its derivatives as substitutes for 

hormones and antibiotics in aquaculture feeds. 

The important shell derivatives are chitin, chitosan and glucosamine. Chitin is 

a linear homopolysaccharide composed of N- acetyl-D- glucosamine residues in p

linkage. After cellulose, chitin is the most abundant natural polymer. The major 

sources of chitin in the sea food industry are the exoskeletons of shrimps, crabs and 

lobsters and also squid pens and cuttle fish bones. Chitin also acts as a precursor of 

chitosan, its most familiar derivative. 

Chitin and its derivatives have wide application in various fields such as waste 

water treatment, agriculture, food industry, medical care, cosmetics, paper and 
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textile industry, Chromatography and photography. They are also used in the field of 

animal husbandry as growth promoter in poultry feeds. 

The growth promoting property of these products in fin fishes and shell 

fishes IS well documented. Several Japanese scientists have pointed out their 

significance in the diet for the kuruma shrimp, Penaeus japonicus. So far the 

information regarding the applied benefits of chitin or its derivatives for P. monodon 

is scarce and hence such a knowledge will be of immense value in the formulation of 

efficient artificial feed for the tiger shrimp, which would not only cut down the 

expenditure on feeds but may help to achieve a higher growth within the normal 

rearing period. 

The objective of the present study is to evaluate the comparative efficiency of 

chitin and its derivatives, chitosan and glucosamine, in enhancing the growth in P. 

monodon. The study also aims in identifying the optimum level of each growth 

promoter for maximum growth. 

I 

I 

I 

I 

I 
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D. REVIEW OF LITERATURE 

2.1. Dietary intake of cbitin 

Studies on the food and feeding habits of prawns showed that the diet of 

penaeid shrimps contain fairly high amount of crustacean matter. A number of 

workers including Gopalakrishnan (I 952); DalI (1968); George (I972 b); Marte 

( 1980) and Das et aI. (1982) who have analysed the gut contents of penaeid prawns 

found remains of small crustaceans and shells of several species of mollusc 

contributing the bulk of the food item. Boddeke (1983) reported that gut contents of 

P. duorarum contained up to 94% crustacean prey fragments. The exoskeletons of 

crustaceans are made up of chitin and hence it comprises a significant portion of the 

natural diet of shrimps. Frakenburg and Smith (1967) have opined that shrimps 

exhibit coprophagy. They observed that crustacean faeces contain chitin which is 

derived from the peritrophic membrane and also due to poor digestion. 

Chitin is also commonly found in prepared shrimp diets as a constituent of 

crustacean meals which typically contain 10-20 % chitin (Lovell et aI., 1968). It is 

also known that shrimps consume cast exuviae following ecdysis (Hanson and 

Goodwin, 1977; Fox, 1993). All the above observations suggest that shrimps may be 

able to utilise dietary chitin which necessitates the presence of chitinolytic enzymes in 

the digestive tract of marine animals consuming chitinous materials. 
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2.2. Role of chitinolytic enzymes in chitin degradation 

The biological decomposition of chitin is carried out by a series of enzymes. 

These enzymes are referred to as chitinases ( EC 3.2. 1. 14) and chitobiases (EC 

3.2.1.30). Chitinases also classified as an endo - f3 -N- acetyl glucosaminidase, splits 

chitin into N-acetyl-D-glucosamine dimers and trimers. These may be further broken 

down by exo-N-acetyl-f3-D-glucosaminidase (chitobiase, NAG ase) (Jeuniaux, 1966; 

Fange et aI., 1979). The bacteriolytic enzyme lysozyme (EC 3.2.1.17) also has a 

chitinolytic action although weaker than that of chitinases (Rupley, 1964; Fange et 

aI., 1979). 

Chitinases occur in the digestive system of certain invertebrates (Tracey, 

1954; Elyakowa, 1972), while chitinolytic activities in the digestive tract of fin fishes 

have been reported by many authors (Seki and Taga, 1963~ Okutani et aI., 1964; Sera 

and Okutani, 1968 ~ Peres, 1973; Micha et aI., 1973 ~ Goodrich and Morita, 1977 a; 

Fange et aI., 1979; Danulat and Kausch, 1984; Danulat, 1986; Kono et aI., 1987; 

Clark et aI., 1988). 

Measurable levels of chitin degrading enzymes have been reported in the 

alimentary tract of various crustacea(Lee and Lawrence, 1982~ Chandramohan and 

Thomas, 1984~ Kono et aI., 1990; Lynn et aI., 1990; Koga et aI., 1990~ Spindler

Barth et aI., 1990~ Fox, 1993~ Clark et aI., 1993). Chitinolytic enzymes are not only 

involved in resorption of parts of old cuticle during the moulting cycle, but they also 

function as digestive enzymes (Kono et aI., 1987). The age or the life cycle stage of 

shrimp is one of the important factor influencing the digestive enzyme activities. Lee 

(1988) has observed that the specific activity of chitinase, which is low during the 
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nauplius stage of Penaeus monodon increased to the highest value during the mysis 

stage and consequently reduced, after becoming post larvae. The chitinase and 

chitobiase activity were quantified in Palaemon serratus integument and midgut 

gland during the moulting cycle (Spindler-Barth et aI., 1990). High enzymatic activity 

in the digestive tract at the time of exuviation was interpreted as an adaptation to the 

continuously high demand for food utilisation. 

The presence of chitinase in fin fishes has been attributed either to gut 

chitinoclastic bacteria (Okutani, 1966; Goodrich and Morita, 1977b) or to the fish 

tissue (Jeuniaux, 1966; Lindsay et aI., 1984; Danulat, 1986). A similar conclusion has 

been made in the case of Penaeid shrimps also. They do possess a gut microflora 

capable of producing chitinases (Hood and Mayers, 1974; New, 1976; Dempsey and 

Kitting, 1987). Literature values for total number of bacteria found in the digestive 

tract of shrimps vary from 7.5xl04g- 1 in Penaeus indicus (Chandramohan and 

Thomas, 1984) to 2.9xl07 g-I in P. setijerlls (Hood and Mayers, 1973). Of these 

67% of bacteria in P. indicus showed chitinoclastic activity while 85% of micro

organisms in the gut of P.setijerus produce chitinase. The low percentage of 

occurrence of chitinoclasts observed in prawns in comparison to fin fishes may 

possibly be attributed to the composition of food, ie., the food may contain a low 

level of chitinous material (Chandramohan and Thomas, 1984). They regarded the 

members of the genera Vibrio and Aeromonas to be the major chitinoclasts. 

In insect research chitinase activity has been confirmed not only to bacterial 

origin but also from endogenous secretions (Febvay et al., 1984). An endogenous 
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origin for chitinase in penaeid shrimp P. japonieus has been reported by Kono et ai. 

(1990) and Koga et ai., 1990), 

Chitosan has also been identified as a substrate for chitinases by leuniaux 

(1966), Chitosanases are a new class of enzymes found to be essential for its 

degradation, Fenton et at. (1978) have studied the microbial degradation of chitosan 

and found that a wide variety of micro-organisms from soil and water were capable 

of degrading it. The role of chitosanolytic micro-organisms as a source of chitosanase 

was studied by Berkley (1978), Kono et al. (1987), however, failed to get any 

chitosanase activity from the digestive tract of fin fishes, 

2.3. Utilisation of prawn shell in shrimp feeds 

The use of prawn shell and its derivatives for preparation of feeds for prawn 

culture appears to be very promising, Balazs (1973) found that diet containing shrimp 

meal at 18,5-45 % improved the growth rate of Penaeus aztieus, Penaeusjaponieus 

and Maerobraehium rosenbergii, Forster and Beard (1973) opined that shrimp meal 

is nutritionally superior to fish meal in the diet of Palaemon serratus due to its amino 

acid profile, Higher growth and survival values were obtained in P. duorarum fed on 

diets containing shrimp meal (Sick and Andrews, 1973), But Balazs et al. (1974b) 

observed that shrimp meal alone is not as good as a combination of tuna meal, soy 

meal, and shrimp meal for Maerobraehium rosenbergii, Higher growth rate was 

obtained for Penaeus indieus by Colvin (1976a), when whole prawn was 

incorporated as a protein source, By using pelleted feeds consisting of prawn shell, 

fish meal, and high marsh grass, Venkataramaiah et al. (1978) obtained a growth of 

31.4 % in length and 13 7,9 % in weight in P. azteeus. According to them the 
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presence of chitin or its break down product glucosamine in the diet might have 

improved the growth rate. Pascual and Destajo (1978) identified shrimp head meal as 

one of the important protein source in the diet for P. monodon. 

Ahamad Ali (1982) reported relative efficiencies of feeds compounded 

separately with prawn waste and mantis shrimp protein for rearing P. indicus. 

Ahamad Ali and Mohamed (1985) using a diet containing 25 % prawn waste and 35 

% mantis shrimp obtained 75.7% length increment and 400 % increase in weight in P. 

indicus juveniles. They observed a relative preference for flavour of prawn waste 

which may be possibly enhancing the palatability of the feeds. Utilisation of prawn 

waste in feeds for culturing prawns were also reported by Ahamad Ali and Sivadas 

(1983) and Mohamed et al. (1983). Cruz-Suarez et al. (1993) also obtained a higher 

growth rate and survival in P. vannamei when fed with a diet containing 18 % shrimp 

by-product meal. During a 42 day feeding trial in P. monodon, Agung et al. (1995) 

established that diet containing scallop waste and shrimp head meal as major protein 

sources to be superior in quality. 

However the negative effect of chitin based feeds have been reported by a few 

workers. Simpson et ai. (1981) observed that chitin and calcium carbonate present in 

exoskeleton of prawns may have deleterious effects on the overall nutritional quality 

of diet affecting growth and survival. Raman et at. (1982) reported poor performance 

of P. indicus when fed on prawn factory waste, compared to fish meal. AQUACOP 

et al. (1989) also reported lower digestibility of shrimp meal compared to fish meal, 

squid meal and soybean meal for P. monodon while Josekutty and Susheela (1992) 
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reported clam meal to be superior than prawn shell waste and fish meal based diet in 

P. monodoll. 

The overall picture shows that chitin, which comprise 10-20 % of crustacean 

meals, plays a significant role in the nutritional status of the animal. The presence of 

chitinolytic enzymes reported by several workers points out that there can be 

sufficient chitin degradation in the digestive tracts of shrimps and prawns. 

2.4. Utilisation of chitin and chitosan 

It was Oke et al. (1978) who first used crustacean shell or its derivatives for 

growth enhancement in animals. He observed that prawn shell incorporation at a rate 

of 10 % of the feed increased growth of rats. However he noted a significant 

reduction in the actual effect of chitin as a growth promoter, due to the presence of 

calcium in the prawn shell. Jeuniaux and Cornelius (1978) also observed chitin 

digestion by young chicken (15 days old) when purified chitin was added to the diet 

They also reported that 19-58 % of purified ground shrimp chitin was digested by 

mouse (Mus musculus), chicken (Gallus gallus) and Japanese nightingale (Liothrix 

lutea). Anon (1991) identified chitin and chitosan as good growth promoters for 

poultry. Nair (1993) obtained a higher growth rate and food conversion when chitin 

was incorporated at a rate of 0.5 % in the diet of poultry. 

Chitin was also incorporated in the diets of fishes and shrimps by several 

workers. Lindsay et al. (1984) failed to get any growth improvement in rainbow 

trout Salmo gairdneri at any level (4-25 %) of chitin. They found that enzyme 

activities were not enhanced when live chitinolytic bacteria (VibriO alginolyticllS) 

were incorporated into the diet with 10 % chitin. Mathew et al. (1987) obtained 
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higher growth rate in Cyprinus carpio when prawn shell powder was included in the 

diet. Kono et ai. (1987) obtained a higher growth rate in red sea bream, Japanese eel 

and yellow tail, by incorporating chitin in the diet at a rate of 10 %. But a lower level 

of 5% or a high level of 20 % chitin only had slight growth improvement than the 

control group. However addition of chitosan only retarded the growth indicating that 

inclusion of chitosan might have inhibited the process involved with digestion, 

absorption and assimilation of the basal diet. 

Kanazava et ai. (1970) found that addition of chitin (4%) and glucosamine 

(1.5%) enhanced growth and survival of Penaeus japonicus. Patents have been 

granted for use of chitin containing substances such as crustacean wastes in shrimp 

diets (Campbell 1973a and b). Nair (1981) obtained a higher growth rate in P. 

indicus which were fed on partially demineralised prawn shell. Vaitheswaran and Ali 

(1986) also obtained a significant weight gain and food conversion in P. indicus with 

0.8 % chitin in the basal diet. 

Akiyama et ai. (1989) reported a reduction in the apparent protein 

digestibility (APD) of feed containing chitin and recommended a lower level of 

inclusion of chitin or prawn shell in the diets for P. vannamei. Clark et a/. (1993) 

who investigated apparent digestibility of chitin in P. vannamei, P.setiferus and P. 

duorarum at 1,2 and 4 % levels obtained values of36 %,33% and 52% respectively. 

Although statistically not significant all the three species showed lower chitin 

digestibility at 4 % levels compared to 1 % and 2% levels. This observation may 

reflect a limit to the enzyme hydrolysis capabilities of penaeid shrimps. The data 

indicate that chitin is digested by penaeid shrimps though the extent of digestion 
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varies among species. In 1993, Fox has reported that when P. monodon juveniles 

were fed on diets containing chitin between 0 and 16 %, increasing levels of dietary 

chitin did not significantly affect the individual weight gain, specific growth rate and 

feed conversion ratio. He concluded that the level of growth enhancement due to 

dietary chitin in P. monodon is probably a result of low digestibility rather than an 

inability to absorb or metabolise glucosamine. The result also indicate that the 

synthesis of endogenous chitinase in the digestive gland of shrimp occurs at a slow 

rate and that juvenile shrimps are able to digest only small amounts of dietary chitin 

in the absence of bacterially produced chitinase. Ahamad Ali (1995), however 

regarded chitin as a good growth promoter and recommended a dietary inclusion of 

0.8-1.5% for the tiger shrimp P. monodon. 

2.5. Utilisation of glucosamine 

N-acetyl glucosamine has been reported to function as a growth promoter 

when added to baby foods (Kent and Whitehouse, 1955; Gyorgy et aI., 1955). 

Kanazava et at. (1970) found that addition of glucosamine (1.5 %) and chitin (4%) in 

the diet of P. japonicus significantly improved the growth rate and survival. 

Kitabayashi et at. (1971) also obtained an increased growth rate in P. japonicus when 

fed with glucosamine. Maximum growth rate was obtained at 0.53% level. He opined 

that excess of glucosamine check the growth of prawns. An attempt to replace 

glucosamine with squid pen powder or crude chitin powder or glucose was 

unsuccessful. However, Deshimaru and Kuroki (1974) did not find any growth 

promoting activity for glucosamine. They concluded that glucosamine by no means 

is an essential material to be compounded in the diet. Contrary to this finding 
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Vaitheswaran and Ali (1986) obtained significant growth difference in P. indicus 

when glucosamine was incorporated in the diet at 0.8% level. Ahamed Ali (1995) 

also regarded glucosamine as good growth promoter and recommended a dietary 

inclusion of 0.8% for the tiger shrimp P. monodon. 

2.6. Other growth promoters 

2.6.1. Enzymes. 

Jancarik (1964) observed that exogenous proteolytic enzymes originating 

from invertebrate food organisms play a role in fish digestion in addition to the 

activation offish's own enzymes. First the activity of pepsin, and trypsin like enzymes 

of potential fish food organisms was determined by Dabrowski and Glogowski 

(l977a). Later they investigated the role that the enzymes play in fish digestion. 

Dietary enzyme supplements seems to be especially important in juveniles which may 

lack some important enzymes. 

Boettcher (1985) reported gam m weight in fishes due to enzyme 

supplementation. Recently Bogut et al. (1995) who used polyzymes- a stabilised 

mixture of amylase, protease, 13-gluconase, 13-glucosidase and cellulase- obtained 

significant weight gain in Cyprinus carpio at 1.5 Kg / tonne feed level. 

Attempts to link the digestive enzyme activities and crustacean growth have 

not been fully successful. In some studies a positive correlation between digestive 

enzyme activities and shrimp growth were established (Van Wormhoudt et aI., 1980; 

Maugle et al., 1983a; Chuang et aI., 1985), while certain other studies showed that 
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shrimp with superior growth need not necessarily possess higher protease, lipase, or 

amylase activities (Lee et aI., 1984; Chen and Lin, 1990). 

Maugle et al. (l983a) obtained better growth rate in P. japonicus when fed 

with 60 IU a-amylase per gram dry diet than diet with no amylase or a control diet 

oflive short necked clam Maugle et al. (1983b) with microencapsulated amylase and 

bovine trypsin obtained superior growth rate in P. japonicus juveniles. P. monodon 

enzyme acetone powder supplemented to the test diet yielded significantly higher 

growth than the control diet and diet containing Artemia enzyme acetone powder 

(Chen and Lin, 1990). However higher inclusion of P. monodon enzyme did not 

result in better growth. 

Papain a common proteolytic enzyme extracted from the latex of Carica 

papaya has been found to be a growth enhancer when added to the diet of prawns at 

0.1-0.2% (Paul Raj, 1993). Dy Penafloria (1995) who used papaya leaf meal in the 

diet for P. monodon obtained higher growth rate at 10% level. Ahamad Ali (1995) 

recommended the use of papain in P. monodon diet at 0.1-0.2% level. In 1996, Boby 

and Susheela have reported papain to be a growth enhancer for Macrobrachium 

rosenbergii. 

Bromolein, an enzyme extracted from pineapple was reported to improve the 

growth of prawns at 0.1-0.2% level (Paul Raj, 1993). Ahamad Ali (1995) has also 

recommended the same level of incorporation in the diet of P. monodon. 
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2.6.2. Antibiotics. 

Antibiotics possess properties that cause various reactions which bring about 

specific chemical and physiological changes in the animal (Hall, 1962). Several 

mechanisms of growth promotion by antibiotics have been propounded so far, but the 

widely accepted view is that the effect of antibiotics upon growth is initiated by 

modification of the enteric flora (Luckey, 1959). There is no dispute, however, over the 

fact that antibiotic feeding results in thinning of the intestinal wall (Dubos et ai. 1967; 

Jukes, 1973). Protein sparing action of the antibiotic has been postulated by Visek 

(1978) and Ahamad and Matty (1989). It can be concluded that the mode of antibiotic 

action as a growth stimulant is multifaceted and that alteration of enteric flora is not a 

complete explanation. 

The EEC (1985) has classified the antibiotics into two groups, therapeutic and 

feed antibiotics. Feed antibiotics are permitted for inclusion at low levels in commercial 

diets of animals over long period. 

Wagner (1954) was the first to study the effect of antibiotics on the growth of 

fishes. Since then a number of antibiotics have been tried successfully as growth 

promoters in fin fishes by several workers (Rijikers et ai., 1980; Viola and Arieli, 1987; 

Ahamad and Matty, 1989; Cravedi et ai., 1991; Keshavanath et ai., 1991; Anicic et ai., 

1995; Zoccarato et ai., 1995). 

Antibiotics have been tried as a growth promoter in crustaceans too. Ciapara et 

ai. (1989) obtained higher growth rate in Penaeus monodon when fed with 250 ppm of 
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oxytetracycline. Stuck et al. (1992) also used it at 25-50 ppm level and obtained 

significant weight gain in P. vannamei over the control group. He, however, failed to get 

any growth enhancement with antibiotic penicillin / streptomycin at any level of 

incorporation into the diet. In Macrobrachium rosenbergii, 100 ppm of oxytetracycline 

has been found to promote growth (Boby and Susheela, 1996). But Corliss et al. (1977) 

failed to get any significant growth enhancement when oxytetracycline was incorporated 

in the diet for P. aztecus. Later Vaitheswaran and Ali (1986) also reported a similar 

result due to its administration in P. indicus. 

Trevino-Carrillo et al. (1993) obtained significant growth in P. vannamei with 

virginiamycin at 80, 100 and 200 ppm levels compared to those fed on 50ppm level and 

control diet. The tissue samples did not show any residues of virginiamycin even at the 

highest level of 200 ppm. However, Utama and Musa (1991) did not find any growth 

stimulation at a level of80 ppm ofVirginiamycin in the diet for P. monodon. 

The variation in the efficiency of antibiotics even in the same species is explained 

by Visek (1978) who pointed out that the response in weight gain due to antibiotic 

supplementation in animals diets may be varied depending on the age of the animal, the 

antibiotic used and its dosage, type of feed used and the nutrition of the recipient animal. 

Anyway use of antibiotics freely in commercial feeds is not permitted because 

administration of antibiotic to farm animals could pose hazard to human health due to 

potential development of resistant strains of enteric bacteria (Varghese and Gireesha, 

1994; Ahamad Ali, 1995; Hatha and Lakshmana Perumal samy, 1995). 
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2.6.3. Hormones. 

Natural hormones are specific chemical substances produced by living cells, 

They have a property of being effective even when present in extremely minute 

amounts, Steroid hormones such as androgens, estrogens and progestrones and 

nonsteroid hormones such as thyroxine, growth hormone etc, are used as growth 

promoters in animal feeds (Donaldson et al., 1979), Synthetic estrogens such as 

stilbistrol, diethyl stilbistrol etc, are widely used for stimulating growth in meat 

raising animals, Growth promoting efficiency of hormones in fishes has been 

reviewed by Donaldson et al. (1979); Matty and Lone (1985) and Pelissero and 

Sumpter (1992), 

2.6.3.1. Growth hormone. 

There is evidence that growth hormone enhances fish growth by stimulating 

greater voluntary food intake by improving food conversion or by inducing the 

formation of stomatomedin which acts at the cellular level (Donaldson et al., 1979), 

Wilson et al. (1988) and Heyward (1991) reported bovine and porcine growth 

hormones to be efficient in promoting growth rate in fin fishes, 

T oullec et al. (1991) opined that human growth hormone like peptides seem 

to be present in P. indicus which is similar to that of vertebrate growth hormones, 

They observed a positive effect on size of P. vannamei when human growth hormone 

was supplemented through the diet. 
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2.6.3.2. Thyroid hormone. 

Two forms of thyroid hormone, triiodo thyronine (T3) and thyroxine (T4) 

have been found to produce increased growth rate in fishes. Thyroid hormone 

treatment enhances growth by increasing appetite and / or gross food conversion 

efficiency (Donaldson et aI., 1979). 

The application of thyroid hormone in fish culture as growth promoter has 

been reviewed by Donaldson et al. (1979); Higgs et al. (1982); Mc Bride et al. 

(1982) and Matty and Lone (1985). T3 has been found to be a growth enhancer in 

Oreochromis mossambicus (Chaudhury et aI., 1989; Hoverton et aI., 1992), 

Oncorhynchus tshawytscha (Ashraf and Meade, 1993) while it retarded the growth in 

Ictalurus punctatus (Gahuam and Lovell, 1991) . Lam and Sharma (1985) did not 

find any growth enhancement in Cyprinus carpio with thyroxine. Negative results 

were obtained by Lam et al. (1985) for Chanos chanos and Gahuam and Lovell 

(1991) for Ictalurus punctatus due to thyroxine incorporation in the feed. 

Thyroid hormones were tried as growth promoter in crustaceans too. Pillai 

et al. (1987) observed that thyroxine in microquantities can bring about faster growth 

by increasing the moulting frequency in Penaeus monodon. They obtained maximum 

growth rate at a concentration of SJlg II of water. However, Vaitheswaran and Ali 

(1986) did not find any growth increment in P. indicus when fed with Img / kg 

thyroxine and opined that thyroxine is not a suitable growth promoter for shrimps or 

prawns. Similar result was obtained in Macrobrachium rosenbergii too with 

thyroxine (Boby and Susheela, 1996). 
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2.6.3.3. Mammalian gonadotropin. 

Human chorionic gonadotropin (HCG) have been found to be an effective 

growth promoter in cultivable fin fishes. Shyama and Keshavanath (1990) found 

HCG to enhance the growth of silver carp (Hypophthalmichthys molitrix) and 

Mahseer (Tor khudree) at 20 ppm level. Similar results were obtained by Salini 

(1993) in Labeo rohita, Kesavanath and Matty (1994) in Cyprinus carpio and 

Jayaprakas and Sambhu (1996) in Etroplus suratensis. Jayaprakas and Bindu (1996) 

reported that administration of HCG at ] 0 ppm and combination of HCG and 

testosterone propionate at 8 ppm and 1.5 ppm respectively improved growth rate and 

food conversion of Cirrhinus mrigala. 

HCG has been tested in shrimps as well. However, 20 ppm RCG has been 

found to inhibit the growth of P. indicus (Sambhu and Jayaprakas, 1994b). 

2.6.3.4. Steroid hormones. 

The effect of anabolic agents is generally defined as an increase in nitrogen 

retention. There are two possible sources of increased nitrogen: increased food intake 

and improved food utilization (Donaldson et aI., 1979). The most widely used 

androgenic steroids are ethyl estrenol, 17 a,- methyl testosterone and testosterone. 

Important estrogenic steroids include estradiol and diethyl stilbistrol. 

The effect of anabolic steroids on mammals have been reviewed by 

Kruskemper (1968) and their use in fishes have been reviewed by Donaldson et al. 

(1979); and Pelissero and Sumpter (1992). Growth promotion in fin fishes by 

androgenic steroids has also been reported by Nirmala and Pandian (1983); Chua and 
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Teng (1988); Hoverton et al. (1988); Gogoi and Keshavananth (1988); Hoverton et 

al. (1992); Ashraf and Meade (1993) and Satandren and Diaz (1994). 

Estrogenic steroids have also been identified as effective growth promoters in 

fishes by Nirmala and Pandian (1983); Nanjundappa and Verghese (1988); Shyama 

and Keshavanath (1990); and Satoh and Nimura (1991). 

Vaitheswaran and Ali (1986) reported significant weight gain in P. indicus by 

incorporation of testosterone into its diet at 25 ppm level. However 17 u

methyltestosterone failed to bring about any growth gain in crustaceans even at level 

as high as 125 ppm (Antiporda, 1986).Josemon (1990) also did not find any growth 

enhancement in P. indicus due to testosterone incorporation. 

Ethyl estrenol has also been tried as a growth promoter in crustaceans. But 

Vaitheswaran and Ali (1986) did not find any growth enhancement in P. indicus due 

to its incorporation, although Sri Prakash et al. (1987) obtained higher growth rate in 

Macrobrachium choprai with this hormone. Similar results were obtained by 

Raghunathan et al (1992) in P. indicus at 8 ppm level. 

There are strict legislation against the use of steroid hormones in animal feeds 

in many countries. The risks of using steroid hormones in animal feeds are the side 

effects in the recipient animal (Donaldson et aI., 1979) and potential health hazards 

to consumers. Residues of synthetic estrogens in carcasses are found to have 

carcinogenic properties in humans (Ahamad Ali, 1995). 
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2.6.4. Attractants. 

Supplementation of attractants in the diet improves food intake and 

utilization. Shrimp, fish extract and mussel extract in purified diets have been found 

to be good attractants (Pascual, 1980). Squid meal (Cruz-Suarez et aI., 1992) and 

krill meal (Allahpichay and Shimizu 1984 a and b) have also been reported to be 

good attractants. Important groupsof attractants identified so far are discussed 

below. 

2.6.4.1. Amino acids. 

The effect of glutamic acid to elicite food intake in Penaeus japonicus was 

first reported by Takei and Ai (1971). Deshimaru and Yone (1978) observed glycine 

and taurine as good attractants for P.japonicus while glutamic acid does not seem to 

be effective. Smith et al. (1987) regarded taurine as a potential attractant for 

Mcrobrachium rosenbergii too. Kanazava et al. (1990) observed an enhanced 

appetite and growth in P. japonicus fed with diets containing 0.5% free amino acids 

such as D-L-alanine, L-proline, L-valine and L-phenyl alanine. Akiyama et al. (1991) 

too opined that free amino acids can act as attractants for shrimps and prawns. Shiau 

et al. (1992) while testing the suitability of taurine at four levels 1000, 2000, 3000 

and 4000 ppm, observed a better growth rate upto 3000 ppm, while further addition 

only retarded the growth. Hartati and Briggs (1993) also found taurine to be a feed 

attractant for P. monodon. 
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2.6.4.2. Oligopeptides. 

Akiyama et al. (1991) reported that small peptides can act as attractants for 

shrimps and prawns. Attempts to determine the enhancement of appetite and growth 

promoting effect of oligopeptides on the larvae and juvenile Penaells japonicus were 

carried out by Kanazava (1995). 

2.6.4.3. Betaine. 

A synergistic action of betaine with other amino acids have been reported by 

Heinen (1980). Hence he recommended its inclusion in practical shrimp diets. Ung 

and Junilla (1988) who fed Penaells monodon with betaine at 1 % and 2% levels 

obtained a higher growth rate at both levels. Similar results have been obtained by 

Harpaz (1992) in Macrobrachillm rosenbergii, Jasmine et al. (1993) in P. indicus 

and Shiau and Chou (1994) in P. monodon. 

2.6.4.4. Dimethyl- J3-propiothein (DMPT). 

DMPT was found to stimulate growth and moulting in stripped prawn, 

Palaemon serratus at a concentration of 0.1 mM solution (Nakajima, 1991). Jasmine 

et at. (1993) also obtained increased growth rate in Penaeus indicus with its addition. 

2.6.4.5. Squid protein extract. 

Squid protein and squid protein extracts have been shown to improve both 

growth rate and feed conversion in penaeids (Deshimaru and Shigueno, 1972; 

Pascual, 1980; Cruz-Suarez et aI., 1984; Dokken and Lawrence, 1985). Cruz-Suarez 
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and Guillaume (1983) opined that fresh whole squid can be separated into three 

fractions, a hydro alcohol soluble fraction, lipid fraction and protein fraction. Since 

the amino acid balance of the squid protein fraction supplemented diet was different 

from the basal diet; it was concluded that a growth promoting factor was present in 

the squid protein fraction. Cruz-Suarez et al. (1984) observed a higher growth and 

food conversion efficiency when squid protein fraction was incorporated in the diet of 

P. japonieus at a level of 1.5%. Cruz-Rique et al. (1987) also studied the growth 

response to mixed diets supplemented with protein extracted from frozen squid at 

1.5, 3, 6 and 10% levels in four tropical penaeid species, viz, P. stylirostris, P. 

vannamie, P. monodon and P. indieus. They obtained significant growth rate even at 

lowest level in P. vannamie and P. stylirostris. This indicates the presence of 

unknown growth factors (UGF) in the squid extract. 

2.6.4.6. Trimethyl ammonium hydrochloride (TMAH~ 

TMAH gives a distinctive faecal odour to feeds. This may act as a feed 

attractant for shrimps and prawns. Increased feed intake and utilization on addition of 

TMAH in Maerobraehium rosenbergii feed has been reported by Costa-Pierce and 

Laws (1985) and in Penaeus monodon by Hartati and Briggs (1993). 

2.6.4.7. Adenosine mono phosphate (AMP). 

Feeding stimulation, increased feed intake and hence higher growth rate have 

been reported from the Carridean shrimp Palaemonetes pugio due to Adenosine-5-

monophosphate (Carr and Thompson, 1983). Similar results have been obtained in 
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Macrobrachium rosenbergii (Herpez et aI., 1987) and in Penaeus monodon (Hartati 

and Briggs, 1993). 

2.6.5. Others. 

2.6.5.1. Olaquindox. 

Olaquindox, commercially known as Bayo-n-ox, is a chemical growth 

promoter having chemical name 2-[N-(2-hydroxy-ethyl)-carbamyl]-3-methyl

quinoxaline-l, 4-dioxidate. This chemical possesses anti bacterial properties. 

Santiago (1991) observed growth promotion in Nile Tilapia Oreochromis ni loticus 

fed with Bayo-n-ox at 25 ppm. Jiamin et al. (1989) who tried Bayo-n-ox at 10 to 100 

ppm levels found that zoea, post larvae and juveniles of Penaeus orientalis 

responded well to the treatment. It increased not only the survival rate but also the 

growth rate. They, however, did not find any difference of effects between different 

concentration in tested range and hence recommended a dosage of 100-300 ppm for 

practical feed preparation. Akiyama et al. (1991) too recommended its usage in 

shrimp feeds at 200 ppm. 

2.6.5.2. Moult hormone. 

The moulting hormone ecdysone which is found in insects and crustaceans 

has also been isolated from plants and its supplementation in fish feeds has been 

found to enhance growth rate in crustaceans. Kanazava et al. (1972) used three 

different ecdysones isolated from plants- Inokosterone, Cyasterone and Ecdysterone -
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all of which induced moulting but growth rate was comparatively lower than that of 

control groups, 

2.6.5.3. Alfalfa. 

The leguminous forage plant Medicago sativa, commonly known as alfalfa is 

known to be a good source of Vit.K. This plant is known to contain plant estrogens 

which in limited amounts have a beneficial effect on the fattening of animals, similar 

to that of synthetic hormones such as stilbistrol and hexestrol (Mc Donald et ai, 

1973), 

Rao et al (1983) who studied the effect of alfalfa on the growth of Penaeus 

illdiclIS, observed an increased growth rate, Vaitheswaran and Ali (1986) too 

reported an enhanced growth rate in P. indicus when fed with alfalfa extract at a rate 

of 2 mIl 100g diet. Ahamad Ali (1995) recommended its incorporation at 2% level in 

the feed for P. mOllodon. 

2.6.5.4. Monensin. 

Hawkridge (1978) reported that monensin treatment increased weight gain in 

cattle while Perry et al (1976) reported an improvement in feed efficiency, This 

carboxylic ionophore is known to improve growth in sheep, catle, poultry and pigs 

and combat diseases (Anon, 1990), 

Monensin has also been found to be a growth promoter in P. vannamei, 

When fed at a rate of 100 ppm (Dileo Craetano Pressman, 1987), Lower dose of 50 

ppm and higher dose of 200 ppm showed a decrease in growth rate, 
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2.6.5.5. Probiotics. 

The word probiotics is often used as an opposite of antibiotics, ie, as a 

promoter of life. The term probiotic implies organisms and substances which 

contribute to microbial balance. Public disquiet over the use of antibiotics as feed 

additives in live stock nutrition has encouraged commercial interest in probiotics as 

an alternate therapy. The most commonly used probiotic in animal nutrition are lactic 

acid bacteria (LAB) and some strains of Bacillus (Mohamed, 1995). They act as food 

and also assist digestion through the presence of enzymes (Intriago and Jones, 1993). 

Several modes of action of these enzymes are suggested by Van belle et at. (1989) 

and Mohamed (1995). 

Use of micro-organisms in mariculture is of very recent origin (Maeda, 1988). 

Gatesoupe et at. (1989) reported a higher growth rate in Japanese flounder 

Paralichthys oliva, which are fed on rotifers enriched with acosil, a commercial 

preparation containing lactic acid bacteria. The brine shrimp Artemia salina have 

been grown to preadults on diets containing bacteria (Flexibactor sp.) with significant 

increase in length and dry weight (Intriago and Jones, 1993). Factor and Dexter 

(1993) demonstrated that decapod larvae could ingest particles in the size range of 

bacteria (1-2 /lm). 

A study by Gariques and Arevalo (1995) in Ecuador showed that a non

pathogenic isolate of Vibrio alginolyticus when added to P. vannamei larval culture 

medium helped in controlling other pathogenic Vibrios (V. parahaemolyticus) and 

also improved the survival and average wet weight. Mohamed (1996) has obtained 
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faster metamorphosis and high survival in P. monodon up to PL-l stage, by using live 

heterotrophic bacteria- (Pseudomonas sp and Micrococcus sp ) as 50 % replacement 

diet for the diatom Chaetoceros sp. Larvae fed with 100 % bacterial biomass did not 

metamorphose beyond 2-3 stage or beyond 5 days. 



MATERIALS AND METHODS 
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llI. MATERIALS AND METHODS 

The aim of the study was to find out the comparative efficiency of chitin, 

chitosan and glucosamine as growth promoters in Penaeus monodoll juveniles. The 

experiment was carried out during the period from 07-05-1996 to 15-07-1996, at 

College of Fisheries, Panangad. 

3.1. Experimental rearing facilities 

The wet laboratory of Department of Aquaculture, College of Fisheries, 

Panangad was used. Circular flat bottom fibre glass tanks were used for rearing the 

experimental animals. The specification of the experimental tanks are given below. 

Capacity : 83 litres 

Diameter: 55cm 

Height : 35cm 

Rim width: 3cm 

Thickness : 4 mm 

Colour: Aquamarine 
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The tanks were housed inside the wet laboratory which had provision for 

subdued light penetration. Intake water was filtered and diluted to 20 %0 and stored 

in three fibre reinforced plastic (FRP) tanks, each having 2t capacity, was used to fill 

the experimental tanks. Gentle aeration was given throughout the experimental 

period via diffuser stones from a roots air blower and were maintained uniformly in 

all the tanks by means of control valves. 

Uniform sized earthen tiles were provided as artificial substrata in each tank 

to reduce the cannibalism among prawns. The tiles were placed in a slanting position 

over a small piece of stone . 

3.2. Experimental animals 

P. monodon post larvae were obtained from AN.S hatchery, Cherai and 

were transported to the laboratory in oxygen filled polyethylene bags under minimum 

stress. In the laboratory they were maintained in 1 t FRP tanks containing sea water of 

salinity 30 %0 and provided with gentle aeration. They were reared up to the early 

juvenile stage in two weeks time. During this period the salinity was gradually 

reduced to 20 %0 and feeding was done with artificial diet containing clam meat. 

Healthy well pigmented and active juveniles were sorted out from the nursery 

tanks and 10 shrimps were assigned to each experimental tank randomly. They were 

acclimatised to tray feeding for few days. before commencement of the experiment. 

The experimental shrimp were starved for a day and shrimps in each tank were 

weighed collectively in an electronic balance. The initial weight of the shrimp 
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juveniles ranged from 80.7 mg to 91.27 mg and length ranged from 2.7 cm to 3.1 

cm. 

3.3. Growth promoters used in the study 

3.3.1. Chitin. 

Chitin is a linear homopolysaccharide composed of N-acetyl-D-glucosamine 

residues in p-linkage. It is the principal component of the hard exoskeleton of 

arthropods. Chitin is extracted from the exoskeleton after deproteinisation and 

demineralisation. For the present study it was obtained from the Biochemistry and 

Nutrition Division of the Central Institute of Fisheries Technology, Cochin. In the 

experiment, chitin was incorporated into basal feeds at 3 levels, viz., 0.25g, 0.5g and 

Ig per 100g diet. 

3.3.2. Chitosan. 

Chitosan is a high molecular weight linear polymer of amino-D-glucose 

derived from chitin by the process of deacetylation (Madhavan and Nair, 1974) For 

the present study it was procured from the Biochemistry and Nutrition Division of 

Central Institute of Fisheries Technology, Cochin. It was incorporated into the basal 

feed at 3 levels, viz., 0.25g, 0.5g and 19 per 100g diet. 

3.3.3. Glucosamine. 

Glucosamine is obtained after hydrolysis of chitin with conc. hydrochloric acid. 

It is available as glucosamine hydrochloride and this too was procured from the 

Biochemistry and Nutrition Division of Central Institute of Fisheries Technology, 
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Cochin. In the present study, it was incorporated into the basal feed at 3 levels, viz., 

0.25g, 0.5g and Ig per lOOg diet. 

3.4. Preparation of experimental diet 

3.4.1. Diet formulation. 

To study the effect of various growth promoters on the growth of P. 

monodon juvenile, a 40% protein diet (AQUACOP, 1977) was formulated to which 

the specified growth promoters were incorporated at 3 levels and fed to the shrimp. 

The ingredient composition of the basal diet is given in Table 1. 

Clam meal and defatted soyflour were used as the major protein 

sources. Clam meat is a good source of protein and contain maximum number of 

free amino acids (Surya Narayana and Alexander, 1972). Similarly the amino acid 

profile of the soybean meal is identical to that of prawns (Deshimaru and 

Shigueno, 1972). Clam meal also contain a higher percentage of lipid and hence 

was the major lipid source. Shrimps can utilise dietary carbohydrate as energy 

source. However polysaccharides such as starch and dextrin are better than 

monosaccharides (Andrews et al., 1972). while formulating the experimental diet 

wheat flour and wheat bran were used as the principal carbohydrate sources. 

Polyunsaturated fattyacids of linolenic and linoleic families have been recognised 

as very important nutrients for the growth of crustaceans (D' Abramo and Sheen, 

1993). Cod liver oil was used as the PUF A source in the present study . 

Supplevite-M, a vitamin mineral mixture (Sarabhai Chemicals, Bombay) was used 

as source of vitamins and minerals. Guar gum a galactomannan polysaccharide 
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extracted from cluster bean Cyamopsis tetragono/aha was used as the binder . It 

was procured from Central Institute of Fisheries Technology, Cochin. 

3.4.2. Diet preparation. 

A 0.5% solution of guar gum was prepared first, by dissolving 0.5g of the 

binder in 100ml distilled water. It was then heated to 60°C in a hot plate to allow gel 

formation. Dry ingredients were powdered separately and sieved through a 25011 

sieve. They were accurately weighed according to the percentage composition 

(Table 1). All ingredients together with each of the growth promoter (Table 2) were 

mixed thoroughly in a mortar. To this an equal quantity of binder solution was 

added and mixed thoroughly to get a dough like consistency. The dough was then 

extruded through a hand pelletiser having a die of 3mm diameter. The extruded 

pellets were collected in an enamel tray and dried uniformly to get dry pellets. The 

pellets were then broken into small pieces packed in air tight containers and stored 

at 4°c in a refrigerator until use. 

3.5. Proximate analysis of the diet 

Proximate composition of the basal diet was analysed to evaluate the nutrient 

status. The result is based upon the mean of three samples and are expressed on a 

dry matter basis except for moisture content which was on feed basis. 

Boyd's (1979) method was used to estimate the moisture content of the feed 

sample. The sample was heated to 105° C for 30 minutes and then dried at 65° C till 

a constant weight was obtained. Microkjeldahl's method (AOAC, 1975) was used 
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to estimate the crude protein content. The nitrogen content was multiplied by a 

factor of 6.25 to get the protein content. Solvent extraction using petroleum ether 

(B.P 40 - 60° C) in a soxhlet extraction apparatus for six hours was carried out to 

estimate the crude fat. Crude fibre was estimated by the method described by 

Pearson (1976). The ash content was estimated by burning the sample at 550" 

C± 10° C for six hours, in a muffle furnace. The carbohydrate content was 

determined by difference in dry weight (Hasting, 1976). 

3.6. Experimental design and procedure 

Circular flat bottom fibre glass tanks were used to rear P. monodon juveniles. 

Ten numbers of uniform sized juveniles were randomly selected and introduced to 

each experimental tank. Three growth promoters, each at 3 levels, viz., 0.25, O.S 

and Ig per 100g basal diet were tested with three replicates for each treatment. Thus 

three levels of three growth promoters in three replicates together with control 

group, made a total of 30 tanks for the study. Treatments were allocated to each 

experimental unit by random allocation method. 

The shrimps were provided with the feed ad libitum in petridishes twice 

daily, once in the morning between 9.00 and 10.00 am and the other in the evening 

5.00 and 6.00 p.m. Petridishes were kept at the bottom of the tank close to the 

substratum provided. The size of the feed was adjusted according to the size of the 

animal. Every day before offering the feed left over feed was collected and dried at 

60° C for estimation ofFCR. Petridishes were cleaned thoroughly before next 
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Table 1. Percentage composition of ingredients used in the basal diet 

Ingredients % weights 

Soyaflour 45 

Clam meal 30 

Whet bran 12 

Wheat flour 10 

Cod liver oil 1 

Mineral Mix 1 

Vitamin Mix 1 

100.0 

Table 2. Composition of the diet used in the experiment 

To T1 T2 T3 T4 T5 Ts T7 Ts T9 

Basal diet 100 100 100 100 100 100 100 100 100 100 

Chitin - 0.25 0.50 1.0 - - - - - -
Chitosan - - - - 0.25 0.50 1.0 - - -
GluGosamine - - - - - - - 0.25 0.50 1.0 
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feeding. During morning hours bottom and sides of the tanks were scrubbed well to 

prevent algal growth and excreta accumulation. Dead animals found were removed 

and weighed. The water in the rearing tank was exchanged once in a week to 

maintain water quality. During the experimental period shrimps were subjected to 

growth assessment every fortnight. At the end of the feeding study shrimps were 

starved for one day and the number in each tank counted and weighed separately. 

The body protein content of the shrimps at the beginning of the experiment and at 

the end of the rearing period was also estimated for all the treatments. 

3.7. Determination of body protein 

Body protein was estimated using microkjeldahl's method (AOAC, 1975). 

Tissue was digested with concentrated sulphuric acid and digestion mixture till the 

solution became colourless. 5ml of this solution was used for distillation. The 

percentage nitrogen in the sample was converted into % crude protein by using a 

factor of 6.25. 

3.8. Water quality measurement 

Physiochemical parameters of the water in the rearing tank were measured by 

the following methods. 

1. Temperature- with bulb thermometer having an accuracy of 0.1 °C. 

2. pH - Universal indicator method 

3. Dissolved oxygen- Standard Winkler method. 
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Temperature and pH were measured daily and D.O content once in a week. The 

samples were randomly selected from the tanks for estimation purpose. 

3.9. Evaluation criteria 

The parameters like net weight gain, gain in length, specific growth rate 

(SGR), percentage survival, food conversion ratio (FeR), protein efficiency ratio 

(PER), and productive protein value (PPV) were determined, in order to study the 

influence of various growth promoters at different levels, on the growth of P. 

monodon juveniles. 

3.9.1. Net weight gain. 

It gives the increase in the weight of the shrimps during the experimental 

period when fed on various growth promoters. It was calculated using the formula, 

Net weight gain = Final weight - Initial weight. 

3.9.2. Gain in length. 

This gives the increase in length of shrimps during the experimental period 

when fed on various growth promoters. It was calculated using the formula. 

Gain in length = Final length - initial length. 

3.9.3. Percentage growth. 

Percentage growth of the animal was calculated by usmg the following 

formula. 
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Final measurement - Initial measurement 
% Growth = x 100 

Initial me asurement 

3.9.4. Specific growth rate. 

In the present study growth performance was measured in terms of specific 

growth rate (SGR) since it is a more refined and improved growth index than 

absolute weight gain or percentage growth rate (Hepher, 1988). 

In W2 -In WI 
SGR=----

T2-TI 

Where, 

WI = Weight at time II 

W2 = weight at time T2 

3.9.5. Survival rate. 

It is expressed in terms of percentage. 

Initial number - Number of dead prawns 
Survival % = x 100 

Initial numb er 

3.9.6. Food conversion ratio. 

This refers to the ability with which an animal can convert the feed consumed 

into edible and other products. FeR is the most commonly used index to measure 

the efficiency of different diets used in the trial. 



FeR= 
Fee d intake in a dry matter basis 

Weight gain on wet matter basis 

3.9.7. Protein efficiency ratio. 
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Protein efficiency ratio is defined as the weight gain per unit intake of 

protein. 

PER = 
Gain in body weight 

Protein mtake 

3.9.8. Productive protein value. 

This gives the measurement of body protein deposition in the prawns with 

unit amount of protein consumed. 

Final body protein - Initial. body protem 
PPV(%) = ------------ x 100 

Protein consumed 

10. Statistical analysis 

All indices such as growth, specific growth rate, food converSIon ratio, 

protein efficiency ratio and productive protein value were subjected to comparison 

using analysis of variance (ANOVA) and pair wise comparison was performed by 

using least significant difference (Snedecor and Cochran, 1968). 



RESULTS 
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IV. RESULTS 

The growth promoting potential of chitin, chitosan and glucosamine was 

evaluated on P. monodon juveniles at different levels. The details of the observations 

made during the period of study are presented below. The test diets with chitin 

contents at 0.25, 0.5 and Ig per 100 g diet are denoted as T1, T2 and T 3 while diets 

with similar levels of chitosan are denoted as T 4, T 5 and T 6 and same levels of 

glucosamine are denoted as T 7, T 8 and T 9 respectively. The control group was 

designated as To. 

4.1. Proximate composition of the formulated feed 

The analysis of proximate composition of the basal feed had shown that it 

contains 6.61 % moisture, 40.29 % crude protein, 5.66 % crude fat, 12.9 % crude 

fibre, 11.62 % ash and 22.92 % carbohydrate as nitrogen free extract. 

4.2. Efficiency of various growth promoters 

4.2.1. Growth. 

The data regarding weight gain of shrimps fed on feeds containing the three 

growth promoters at different levels are given in Table 3. 

The average live weight gain of shrimps fed on different levels of chitin were 

800.67 mg, 774.29 mg and 769.74 mg respectively for T1, T2 and T3. However none 

exhibited significant difference from the control group (783.71 mg ); the daily weight 

enhancement being 11.44 mg, 11.06 mg, 11.00 mg and 11.20 mg respectively for T 1, 

T 2, T 3 and To. The average percentage weight increase of the juveniles from their 



39 

initial size were 931.27, 918.82,'907.47 and 927.48 % respectively for treatments T1, 

T 2, T 3 and To. The graphical representation of growth observed in the experiment are 

given in Fig. 1 and growth curve based on biweekly growth are shown in Fig. 2. 

Shrimps fed on all levels of chitosan have shown better growth than the 

control group. The average live weight gain observed were 936.23 mg, 1111.82 mg 

and 860.03 mg, where as the average percentage weight increase were 1058.47, 

1246.03 and 996.6 % for treatments T4, Is and T6. The daily weight increments in 

these treatments were found to be 13.38 mg, 15.88 mg and 12.29 mg respectively. It 

is graphically represented in Fig. 3, while growth curve based on biweekly weight 

gain is shown in Fig. 4. 

The average live weight gains of P. monodon juveniles fed on three levels of 

glucosamine, viz, 0.25, 0.5 and Ig / 100g diet designated as T7, Ts and T9 

respectively were found to be 1248.63mg, 1101.51mg and 797.79mg; the average 

percentage growth recorded being 1451.23 (T7), 1300.63 (Ts) and 956.85 % (T9). 

The daily increments in growth obtained were 17.84mg, 15.74mg and 11.4mg for 

these treatments. Graphical representation of weight gain is given in Fig.5 and growth 

curve based on biweekly weight gain in Fig. 6. 

Analysis of variance (Table 4) showed that the growth of shrimps was 

significantly different in various treatments. 



Table 3. Growth of P. monodon fed on feeds containing various growth 
promoters at different levels 

Repli- Av.initial Av.Final Gain in Av.live % weight 
Treatment cation weight weight weight weight gain 

(mg) (mg) (mg) gain (mg) 

1 81.62 850.50 768.88 942.02 
To 2 81.35 840.00 758.65 783.71 932.58 

3 90.72 914.33 823.61 ±28.523 907.85 
1 86.67 830.08 743.41 857.75 

TJ 2 85.42 916.00 830.58 800.67 972.35 
3 85.92 913.96 828.04 ± 40.51 963.73 
1 87.30 850.50 763.20 874.23 

T2 2 81.77 928.08 846.31 774.29 1034.99 
3 84.20 797.57 713.37 ± 54.84 847.23 
1 85.50 920.50 835.0 976.61 

T3 2 80.70 860.97 780.27 769.74 966.88 
3 89.09 783.03 693.94 ± 58.07 778.92 
1 88.64 1035.20 946.56 1067.87 

T4 2 88.49 1142.90 1054.41 936.23 1191.56 
3 88.18 895.89 807.71 ± 101.00 915.98 
1 87.76 1172.0 1084.24 1235.46 

Tj 2 88.72 1235.50 1146.78 1111.82 1292.58 
3 91.27 1195.70 1104.43 ± 26.06 1210.07 
1 84.44 969.70 885.26 1048.39 

T6 2 87.36 1042.60 955.24 860.03 1093.45 
3 87.22 826.82 739.60 ±89.80 847.97 
1 85.00 1288.45 1203.45 1415.82 

T7 2 81.90 1321.02 1239.12 1248.63 1512.97 
3 85.47 1388.80 1303.33 ± 41.33 1524.89 
1 85.23 1434.20 1348.97 1582.74 

Ts 2 84.77 1071.80 987.03 1101.57 1164.36 
3 83.87 1052.40 968.53 ±175.15 1154.8 
1 82.25 909.62 827.37 1005.92 

TQ 2 88.51 834.50 745.99 797.79 842.83 
3 80.23 900.04 820.0 ± 36.75 1021.82 

40 

Av.% 
weight 

gain 

927.48 
± 14.41 

931.27 
± 52.11 

918.82 
± 82.88 

907.47 
± 90.99 

1058.47 
± 112.70 

124603 
± 34.50 

996.60 
± 106.70 

1451.23 
± 48.85 

1300.63 
± 199.52 

956.85 
± 80.89 



Table 4. Analysis of variance of the data on growth of P. monodon fed on 
feeds containing various growth promoters at different levels 

Source S.S D.F M.S.S 
Diets 819396.99 9 91044.11 
Error 184532.75 20 9226.64 
Total 1003929.74 29 

Comparison of treatment means based on critical difference 

Critical difference == 135.29 

Treatments T3 T2 To Ts 
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F 
9.87 * 

Mean 769.74 774.29 783.71 797.79 800.67 860.03 936.23 1101.51 1111.82 1248.63 

Underscored means are not significantly different 

*Significant at 5% level 



Fig. 1. Growth of P. monodon fed on feeds containing various levels of chitin. 

/ 

Fig. 2. Growth curve of P. monodon fed on feeds containing various levels of 
chitin. 
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Fig. 3. Growth of P. monodon fed on feeds containing various levels of 
chitosan. 
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Fig. 4. Growth curve of P. monodon fed on feeds containing various levels of 
chitosan. 
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Fig. 5. Growth of P. monodon fed on feeds containing various levels of 
glucosamine. 
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The data regarding the growth in length of P. monodon juveniles fed on feeds 

containing various growth promoters at three levels are given in Table 5. The 

average gain in length recorded for different treatments being 2.09 (To), 2.23 (T1), 

2.23 (T2),2.12 (T3), 2.99 (T4), 3.09 (T5), 2.22 (T6), 3.10 (T7), 2.8 (Ts) and 2.63 (T9) 

cm. Maximum length was achieved by shrimps in T7, fed on glucosamine at 0.25g 

per 100g diet, followed by T5 (0.5g chitosan I 100g diet), T4 (0.25g chitosan I IOOg 

diet) and Ts (0.5g glucosamine I 100g diet). The percentage gain in length were 

106.65, 110.65, 110.74 and 93.36 % for treatments T7, Ts, T4 and Ts respectively. 

The growth in length of shrimps fed on different growth promoters at various levels 

are graphically represented in Fig. 7. 

Analysis of variance (Table 6) showed that the growth in length of shrimps 

was significantly different between various treatments. 

4.2.2. Specific growth rate. 

The data on the specific growth are given in the Table 7. The SGR's of the 

shrimps fed on different levels of chitin were seen to be 3.33, 3.31 and 3.29 for TI. 

T 2, and T 3 respectively; but none of these treatments were significantly different from 

the control (3.33). The SGR's of the P. monodon fed on chitosan were higher than 

the control being 3.49 (T4), 3.62 (Ts) and 3.41 (T6).Maximum specific growth rate of 

3.94 was recorded for the diet containing glucosamine at 0.25g 1100g diet. For the 

treatments Ts and T9 SGR value recorded were 3.75 and 3.36 respectively. The SGR 

of shrimps fed on different levels of chitin, chitosan and glucosamine are graphically 

represented in Fig 8. 



Table 5. Growth in length of P. monodon fed on feeds containing various 
growth promoters at different levels 

Treatment Repli- Av.initial Av.Final Gain in Av. gain % gain 
cation length length length in length in length 

(cm) (cm) (cm) (cm) +SD 
1 2.8 4.87 2.07 2.09 73.93 

To 2 2.7 ~.91 2.21 ±0.09 81.85 
3 2.9 4.88 1.98 68.28 
1 2.8 5.06 2.26 2.23 80.71 

TJ 2 2.8 4.90 2.10 ±0.1O 75.00 
3 2.8 5.14 2.3~ 83.57 
1 2.7 ~.96 2.26 2.20 83.70 

T2 2 2.8 4.99 2.19 ±0.04 73.26 
3 2.9 5.06 2.16 74.48 
1 2.9 5.02 2.12 2.12 73.10 

T3 2 2.9 5.09 2.19 ±0.06 75.52 
3 2.9 4.94 2.04 70.34 
1 2.7 5.66 2.96 2.99 109.62 

Tl 2 2.7 5.83 3.13 ±0.1O 115.93 
3 2.7 5.58 2.88 106.67 
1 2.9 5.90 3.0 3.09 103.44 

Ts 2 2.7 5.89 3.19 ±0.08 118.15 
3 2.8 5.89 3.09 110.36 
1 2.9 4.89 1.99 2.22 68.62 

T6 2 2.9 5.36 2.46 ±0.19 84.83 
3 2.9 5.11 2.21 76.21 
1 3.0 5.98 2.98 3.10 99.30 

T- 2 2.8 6.01 3.21 ±0.09 114.64 
3 2.9 6.00 3.10 106.89 
1 3.0 5.81 2.81 2.8 93.67 

T8 2 3.1 5.80 2.70 ±0.07 87.10 
3 2.9 5.78 2.88 99.31 
1 2.8 5.53 2.73 2.63 97.32 

T9 2 2.8 5.~0 2.60 ±0.O7 92.86 
3 2.8 5.37 2.57 91.79 
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Av.% 
length 
gain 

7~.69 

79.76 

77.15 

72.99 

110.7~ 

110.65 

76.55 

106.9~ 

93.36 

93.99 



Table 6. Analysis of variance of the data on growth in length of P. monodon 
fed on feeds containing various growth promoters at different levels 

Source S.S D.F M.S.S F 
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Diets 4.76 9 0.53 26.5 * 
Error 0.29 20 0.02 
Total 5.053 29 

Comparison of treatment means based on critical difference 

Critical difference = 0.20 

Treatments 

Means 2.09 2.12 2.20 2.22 2.23 2.63 2.8 2.99 3.09 3.10 

Underscored means are not significantly different 

*Significant at 5% level 
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Table 7. Specific growth rate of P. monodon fed on feeds containing various 
growth promoters at different levels 

Treatment Repli- Av.lnitial weight Av.Finai weight Specific Mean 
cation (mg) (mg) growth rate ± S.D 

1 81.62 850.50 3.35 3.33 
To 2 81.35 840.00 3.34 ±0.02 

3 90.72 914.33 3.30 
1 86.67 830.08 3.23 3.33 

Tl 2 85.42 916.00 3.39 ±0.07 
3 85.92 913.96 3.38 
1 87.30 850.50 3.25 3.31 

T2 2 8l.77 928.08 3.47 ±O.ll 
3 84.20 797.57 3.21 
1 85.50 920.50 3.39 3.29 

T3 2 80.70 860.97 3.38 ± 0.13 
3 89.09 783.03 3.11 
1 88.64 1035.20 3.51 3.49 

T4 2 88.49 1142.90 3.65 ±0.14 
3 88.18 895.89 3.31 
1 87.76 1172.0 3.70 3.62 

T, 2 88.72 1235.50 3.76 ±0.16 
3 91.27 1195.70 3.39 
1 84.44 969.70 3.49 3.41 

T6 2 87.36 1042.60 3.54 ±0.15 
3 87.22 826.82 3.21 
1 85.00 1288.45 3.88 3.94 

To 2 81.90 1321.02 3.97 ±0.04 
3 85.47 1388.80 3.98 
1 85.23 1434.20 4.03 3.75 

T8 2 84.77 1071.80 3.62 ±0.20 
3 83.87 1052.40 3.61 
1 82.25 909.62 3.43 3.36 

T9 2 88.51 834.50 3.21 ± 0.11 
3 80.23 900.04 3.45 
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Table 8. Analysis of variance of the data on specific growth rate of P. monodon 
fed on feeds containing various growth promoters at different levels 

Source S.S D.F M.S.S F 
Diets 1.301 9 0.1445 6.23 * 
Error 0.464 20 0.0232 
Total 1.7654 29 

Comparison of treatment means based on critical difference 

Critical difference = 0.22 

Treatments T 3 To 

Mean 3.29 3.31 3.33 3.33 3.36 3.41 3.49 3.62 3.75 3.94 

Underscored means are not significantly different 

* Significant at 5% level 
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Analysis of variance of the data shows that there is significant difference between 

treatments (Table 8). 

4.2.3. survival. 

The percentage survival values of P. monodoll juveniles in various treatments 

are given in Table 9. Highest average survival was obtained in treatment T7 (83.3%) 

while the lowest value was recorded in the treatment To (66.66%). Graphical 

representation of percentage survival values for various levels of chitin, chitosan and 

glucosamine are given in the Fig. 9. Analysis of variance of the data (Table 10) shows 

no significant difference between the treatments. 

4.2.4. Food conversion ratio. 

Food conversion ratio values of shrimp juveniles fed on various levels of the 

three growth promoters are given in Table 11. The mean FCR values ranged from 

2.41 to 3.9 in various treatments. 

The average FCR values in chitin based diet were 3.27,3.66 and 3.78 for TI. 

T 2. and T 3 respectively. None of these treatments were significantly different from 

that of control which recorded FCR of 3.61. However FCR of 3.13 and 2.65 in the 

diet Containing 0.25 (T4) and 0.5 (T5) g chitosan per 100g diet exhibited significant 

difference from control while the FCR of the treatment T6 (3.34) did not vary 

significantly. The FCR values of the diet with glucosarnine as the growth promoter 

were 2.41, 2.67 and 3.9 for T7, T8 and T9 respectively. Of these, FCR for treatments 

T 7 and T 8 were found to be significantly different from control. FeR of shrimp 
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T 7 and T g were found to be significantly different from control. FCR of shrimp 

receiving different level of chitin, chitosan and glucosarnine are represented 

graphically in Fig. 10. Analysis of variance of FCR values shows significant 

difference between various treatments (Table 12). 

4.2.5. Protein efficiency ratio. 

The Protein efficiency ratio of various treatments are given in Table 13. The 

mean FeR ranged from 0.64 to 1.03. The PER values obtained for T 1. T 2, and T 3 

containing various levels of chitin were 0.73, 0.68 and 0.66 while that of the control 

To. was 0.69. None of the values were significantly different from the control. 

Higher protein efficiency ratio was obtained in the diets containing chitosan as 

growth promoter; the PER values being 0.78, 0.94 and 0.75 for T4, Ts and T6 

respectively. However the maximum values were obtained in diets where 

glucosarnine was incorporated at different levels. The values were seen to be 1.03, 

0.94 and 0.64 for T7, Tg and T9 . The PER values of P. monodon juveniles fed on 

diets with various levels of chitin, chitosan and glucosamine are graphically 

represented in Fig. 11. Analysis of variance of the data shows significant difference 

among various treatments (Table 14). 
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Table 9. Percentage survival obtained in various treatments during the period 
of study to evaluate the efficiency of various growth promoters 

Treatment Replication % Sunival Mean 
±S.D 

1 60 
To 2 70 66.66 

3 70 ±4.71 
1 100 

TJ 2 70 76.67 
3 60 ±l7.00 
1 80 

T:~ 2 90 76.67 
3 60 ±12.47 
1 60 

T3 2 80 80.00 
3 100 ±l6.33 
1 70 

T4 2 70 80.00 
3 100 ±14.14 
1 80 

Ts 2 80 80.00 
3 80 ±O 

I 70 
T6 2 70 70.00 

3 70 ±O 
I 80 

T- 2 80 83.30 
3 90 ±4.71 
I 70 

Ts 2 80 70 
3 60 ±8.16 
1 80 

T9 2 70 70 
3 60 ±8.16 

Table 10. Analysis of variance of the data on survival of P. monodon fed on 
feeds containing various growth promoters at different levels 

Source S.S D.F M.S.S 
Diets 880.00 9 97.78 
Error 3266.67 20 163.33 
Total 4146.67 29 

F 
0.60 
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Fig. 9. Percentage survival of P. monodon fed on feeds containing various levels 
of chitin, chitosan and glucosamine. 
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4.2.6. Productive protein value. 

The average initial body protein of shrimp juveniles was estimated as 13.22%., 

on a wet weight basis. Final body protein values have Shown that there is significant 

difference in protein deposition between in different treatments. Maximum body 

I 

I 

protein was seen in T7 (15.6%) and minimum in T3 (13.63%). PPV of various I 

treatments are entered in Table 15. I 

Productive protein values for diets with different levels of chitin were 10.4 

(T1), 9.4 (T2) and 8.97 (T3) respectively. None of them were significantly different 

from the control group which had a PPV of9.57. Productive protein values obtained 

for chitosan incorporated diet were 11.52 (T4),14.41 (Ts) and 10.88 (T6) respectively 

while those for diets containing glucosamine were found to be 16.45, 14.38 and 9.09 

for T 7, T 8 and T 9. The PPV of the shrimps fed on different levels of chitin, chitosan 

and glucosamine are graphically represented in Fig. 12. Analysis of variance of the 

data shows significant difference between various treatments (Table 16). 

4.3. Water quality parameters 

4.3.1. Temperature. 

The range of temperature in the experimental tanks during the study period 

are given in Table 17. Minimum temperature recorded was 26.00C and maximum 

temperature recorded was 30.5°C. Weekly mean temperature values ranged from 

26.77°C to 29.76°C. 

I 

I 

I 

I 

I 

I 
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Table 11. Food conversion ratio of P. monodon fed on feeds containing various 
growth promoters at different levels 

RepJi- Initial Final Growth Feed Mean 
Treatment cation biomass biomass increment consumed FeR ±S.D 

(If) (2) (2) (2) 

1 0.8162 7.003 6.1868 23.0564 3.73 3.61 
To 2 0.8135 6.651 5.8375 21.1844 3.63 ±O.Il 

3 0.9072 7.94 7.0328 24.4264 3.47 
1 0.8667 8.3008 7.43 23.9993 3.23 3.27 

Tl 2 0.8542 8.122 7.2678 25.52 3.51 ±O.19 
3 0.8592 7.262 6.4028 22.20 3.06 
1 0.8730 7.904 7.031 27.823 3.96 3.66 

T2 2 0.8177 8.7028 7.8851 25.4241 3.22 ±O.32 
3 0.8420 7.4612 6.6192 25.2537 3.81 
1 0.8550 7.4945 6.6395 25.4616 3.83 3.78 

T3 2 0.8070 7.5878 6.7808 25.6361 3.78 ±O.04 
3 0.8909 7.8303 6.9394 25.928 3.74 
1 0.8864 9.0472 8.1832 25.7423 3.15 3.13 

T4 2 0.8849 9.405 8.5201 26.2498 3.08 ±O.04 
3 0.8818 8.9589 8.0771 25.4995 3.16 
1 0.8776 10.476 9.5984 26.1546 2.72 2.65 

Ts 2 0.8872 10.6743 9.7871 26.1624 2.67 ±O.07 
3 0.9127 10.919 9.9992 25.5335 2.55 
1 0.8444 9.4229 8.5785 26.1155 3.04 3.34 

T6 2 0.8736 8.9418 8.0682 26.1523 3.24 :to. 30 
3 0.8722 7.9808 7.1086 26.6294 3.75 
1 0.85 11.9096 11.0596 27.3781 2.48 2.41 

T, 2 0.819 11.7415 10.9225 26.6559 2.44 ±O08 
3 0.8547 13.2992 12.4445 28.6748 2.30 
1 0.8523 11.830 10.9777 27.4296 2.50 2.67 

Tg 2 0.8471 10.5992 9.7521 23.6249 2.42 ±O.30 
3 0.8387 9.2695 8.4308 26.6617 3.09 
1 0.8225 8.2726 7.4501 26.5557 3.56 3.9 

T9 2 0.8851 7.3165 6.4314 26.0271 4.05 ±O.24 
3 0.8023 7.381 6.5787 26.9538 4.10 
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Table 12. Analysis of variance of the data on food conversion ratio of P. 
monodon fed on feeds containing various growth promoters at 
different levels 

. Source s.s D.F M.S.S F 
Diets 7.338 9 0.815 13.59* 
Error 1.199 20 0.06 
Total 8.537 29 

Comparison of treatment means based on critical difference 

Critical difference = 0.35 

Treatments T9 To 

Mean 3.9 3.78 3.66 3.61 3.34 3.27 3.13 2.67 2.65 2.41 

Underscored means are not significantly different 

*Significant at 5% level 
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Fig. 10. Food conversion ratio of P. monodon fed on feeds containing various 
levels of chitin, chitosan and glucosamine. 
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Table 13. Protein efficiency ratio of P. monodon fed on feeds containing various 
growth promoters at different levels 

Treatment Repli- Initial Final Av.live Av. protein Mean 
cation weight weight (g) weight gain. consumed PER ±S.D. 

(2) (2) (2) 
1 0.8162 7.003 6.1868 9.29 0.665 

To 2 0.8135 6.651 5.8375 8.53 0.685 0.69 
3 0.9072 7.94 7.0328 9.98 0.704 ±D.02 
1 0.8667 8.3008 7.43 9.67 0.768 

TJ 2 0.8542 8.122 7.2678 10.28 0.707 0.73 
3 0.8592 7.262 6.4028 8.94 0.716 ±D.03 
1 0.8730 7.904 7.031 11.36 0.619 

T2 2 0.8177 8.7028 7.8851 10.24 0.77 0.68 
3 0.8420 7.4616 6.6192 10.17 0.651 ±D.06 
1 0.8550 7.4945 6.6395 10.26 0.647 

T3 2 0.8070 7.5878 6.7808 10.33 0.656 0.66 
3 0.8909 7.8303 6.9394 10.45 0.664 ±D.Ol 
1 0.8864 9.0472 8.1832 11.03 0.742 

T4 2 0.8849 9.405 8.5201 10.57 0.806 0.78 
3 0.8818 8.9589 8.0771 10.27 0.786 ±D.03 
1 0.8776 10.476 9.5984 10.54 0.911 

Ts 2 0.8872 10.6743 9.7871 10.54 0.93 0.94 
3 0.9127 10.919 9.9992 10.29. 0.972 ±D.03 
1 0.8444 9.4229 8.5785 10.52 0.815 

T6 2 0.8736 8.9418 8.0682 10.54 0.765 0.75 
3 0.8722 7.9808 7.1086 10.73 0.662 ±D.06 
1 0.8500 11.9096 11.0596 11.03 1.00 

To 2 0.8190 11.7415 10.9225 10.74 1.02 1.03 
3 0.8547 13.2992 12.4445 11.55 1.08 ±D.03 
1 0.8523 11.830 10.9777 11.05 0.993 

Ts 2 0.8477 10.5992 9.7521 9.52 1.02 0.94 
3 0.8387 9.2695 8.4308 10.50 0.802 ±D1O 

1 0.8225 8.2726 7.4501 10.70 0.696 
T9 2 0.8851 7.3165 6.4314 10.49 0.613 0.64 

3 0.8023 7.381 6.5787 10.86 0.605 ±D.04 



Table 14. Analysis of variance of the data on protein efficiency ratio of P. 
momHion fed on feeds containing various growth promoters at 
different levels 

Source S.S D.F M.S.S 
Diets 0.516 9 0.0573 
Error 0.069 20 0.00345 
Total 0.585 29 

Comparison of treatment means based on critical difference 

Critical difference = 0.08 

Treatments T 9 T 3 

Mean 0.638 0.66 0.68 0.684 0.73 0.747 0.778 0.938 0.938 1.03 

Underscored means are not significantly different 

*Significant at 5% level 
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Fig. 11. Protein efficiency ratio of P. monodon fed on feeds containing various 
levels of chitin, chitosan and glucosamine. 
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Table 15. Productive protein value of P. monodon fed on feeds containing 
various growth promoters at different levels 

Treat Rep Initial Initial body Final Final Gain in protein 
ment lica weight protein weight body protein consu- PPV 

tion (g) (g) (g) protein (g) med 
(2) (g) 

1 0.8162 0.108 7.003 0.972 0.864 9.29 9.30 
To 2 0.8135 0.108 6.651 0.923 0.815 8.53 9.56 

3 0.9072 0.120 7.94 1.102 0.982 9.98 9.84 
1 0.8667 0.115 8.3008 1.173 1.058 9.67 10.94 

TI 2 0.8542 0.113 8.122 1.148 1.035 10.28 10.06 
3 0.8592 0.114 7.262 1.026 0.912 8.94 10.20 
1 0.8730 0.115 7.904 1.087 0.972 1l.36 8.56 

T2 2 0.8177 0.108 8.7028 l.200 1.092 10.24 10.66 
3 0.8420 0.111 7.4612 1.025 0.914 10.17 8.99 
1 0.8550 0.113 7.4945 1.022 0.909 10.26 8.86 

T3 2 0.8070 0.107 7.5878 l.034 0.927 10.33 8.97 
3 0.8909 0.118 7.8303 l.067 0.949 1045 9.08 
1 0.8864 0.117 9.0472 l.334 l.217 11.03 11.03 

T4 2 0.8849 0.117 9.405 l.364 1.247 10.57 11.80 
3 0.8818 0.117 8.9589 l.321 1.204 10.27 11.72 
1 0.8776 0.166 10.476 1.611 1.495 10.54 14.18 

Ts 2 0.8872 0.177 10.6743 1.642 1.465 10.54 13.90 
3 0.9127 0.121 10.919 1.680 1.559 10.29. 15.15 
1 0.8444 0.112 9.4229 l.350 1.238 10.52 12.14 

T6 2 0.8736 0.116 8.9418 1.274 1.158 10.54 10.99 
3 0.8722 0.115 7.9808 1.137 1.022 10.73 9.52 
1 0.8500 0.112 11.9096 1.876 1.764 11.03 15.99 

To 2 0.8190 0.108 11.7415 1.849 1.741 10.74 16.21 
3 0.8547 0.113 13.2992 2.095 1.982 11.55 17.16 
1 0.8523 0.113 11.830 1.790 1.677 11.05 15.18 

Ts 2 0.8477 0.112 10.5992 1.604 1.492 9.52 15.67 
3 0.8387 0.111 9.2695 1.402 1.291 10.50 12.30 
1 0.8225 0.109 8.2726 1.169 1.060 10.70 9.91 

T9 2 0.8851 0.117 7.3165 1.033 0.916 10.49 8.73 
3 0.8023 0.106 7.381 1.043 0.937 10.86 8.63 

63 

Mean 
±S.D 

9.57 
±O.22 

10.40 
±0.39 

9.40 
±O.49 

8.97 
±O09 

11.52 
±O.35 

14.41 
±O.55 

10.88 
±1.07 

16.45 
±0.51 

14.38 
±1.49 

9.09 
±0.58 



Table 16. Analysis of variance of the data on productive protein value of 
P. monodon fed on feeds containing various growth promoters at 
different levels. 

Source S.S D.F M.S.S 

64 

F 
Diets 194.2622 9 2l.58 25.48* 
Error 16.94 20 0.847 
Total 211.1974 29 

Comparison of treatment means based on critical difference 

Critical difference = 1.3 

Treatments To Ts Ts 

Mean 8.97 9.09 9.4 9.57 10.4 10.88 11.52 14.33 14.41 16.6 

Underscored means are not significantly different 

* Significant at 5% level 
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Fig. 12. Productive protein value of P. monodon fed on feeds containing 
various levels of chitin, chitosan and glucosamine. 
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4.3.2. pH. 

Range of pH in the experimental tanks are given in the Table 18. Minimum 

pH observed was 7.6 while a maximum value of 9.0 was observed during evening 

hours. Weekly mean pH values ranged from 8.0 to 8.54. 

4.3.3. Dissolved oxygen. 

Range of dissolved oxygen in the experimental tanks are given in Table 19. 

A minimum of 6.18ppm was obtained during early morning hours while a high 

dissolved oxygen content of 8.32 was obtained during evening hours. Mean values 

ranged from 6.84 to 7.62ppm. 



67 

Table 17. Water temperature in experimental tanks during the study period. 

Temperature WEEKS 
I 2 3 4 5 6 7 8 9 10 

Mean 29.76 29.09 27.67 27.24 27.3 27.0 27.84 27.5 26.77 27.63 

±SE 0.94 0.61 0.55 0.65 0.48 0.46 0.48 0.55 0.56 0.41 

Range 29 - 28.3 - 26.8 - 26.5 26.6 - 26.4 - 27.3 - 26.4- 26.0 - 27.2-
30.5 30.5 28.5 -28.4 28.0 27.5 28.3 28 27.5 28.2 

Table 18. pH of water in experimental tanks during the study period 

pH WEEKS 
1 2 3 4 5 6 7 8 9 10 

Mean 8.36 8.54 8.47 8.00 8.09 8.54 8.66 8.23 8.36 8.37 
±SE 0.35 0.44 0.19 0.20 0.33 0.32 0.19 0.30 0.35 0.39 

Range 8.0- 7.8- 8.2- 7.8- 7.6- 8.0- 8.5- 7.8- 8.0- 7.8-
9.0 9.0 8.5 8.2 8.5 9.0 9.0 8.5 9.0 8.8 

Table 19. Dissolved oxygen in the experimental tanks during the study period 

Dissolved Oxygen WEEKS 
1 2 3 4 5 6 7 8 9 10 

Mean 6.84 7.26 7.46 6.85 7.53 6.82 7.39 7.62 7.26 7.59 
±SE 0.73 0.83 0.68 0.47 0.38 0.38 0.60 0.47 0.25 0.52 
Range 6.18- 6.30- 6.63- 6.43- 700- 6.34- 6.96- 7.12- 6.92- 7.08-

8.24 8.28 8.32 7.50 8.16 7.25 8.28 8.24 7.50 8.28 



DISCUSSION 
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V. DISCUSSION 

The effect of different levels of chitin, chitosan and glucosamine on the 

growth of P. monad on juveniles was evaluated. Different indices, viz, percentage 

growth, specific growth rate, survival, food conversion ratio, protein efficiency ratio 

and productive protein value were statistically analysed and are discussed below. 

5.1. Proximate analysis of feed 

The protein requirement of P. monad on has been identified to be 40 % with a 

diet containing shrimp meal, soyabean meal, casein, fish meal and squid meal as 

protein sources by Alava and Lim (1983). Bautista (1986) has reported 40-50 % 

protein requirement while Shiau et al. (1991 a) worked out the protein requirement of 

P. monodon to be 40 % using a casein based diet. Shiau and Chou (1991) 

recommended 36-40 % protein level in the diet. Chen (1993) also reported 40 % 

requirement of protein by this species. Proximate analysis of basal diet used in the 

present study revealed that it contains 40.29 % protein which is the optimum value 

suggested by various workers. 

The basal diet used III the present experiment contained 22.8 % 

carbohydrate. Bages and Sloane (1981) and Alava and Pascual (1987) obtained 

higher growth rate in P. monodon with a diet containing 20% carbohydrate. 
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Consequently Shiau and Peng (1991) who used 20 % carbohydrate together with 40 

% protein obtained high growth rate. They observed that P. monodon may be able to 

use a relatively high content of carbohydrate in the diet. But Catacutan (1991) did 

not find any difference in growth of juvenile P. monodon fed isonitrogenous diets 

containing 5-35 % carbohydrate. 

Akiyama (1989) recommended lipid levels of 6-7.5% in commercial shrimp 

diets, while Sheen and D' Abramo (1989) found similar level to be optimal for 

prawns as well. The lipid content of the basal diet used in the study also contained 

5.66 % lipid. The fibre content of the experimental feed which was estimated to be 

12.9% can compensate the growth of shrimps according to Venkataramiah et al. 

(1975). Fair et al. (1980) also stated that dietary fibre up to 30% does not appear to 

suppress growth of the giant fresh water prawn Macrobrachium rosenbergii. The ash 

content was worked out to be 11.62 % in the experimental feed. According to 

Forster and Gabbot (1971) shrimps can digest up to 30 % of ash fraction when the 

ash content was as high as 15 %. 

5.2. water quality parameters 

5.2.1. Temperature. 

A temperature range of 28 ± 2 °c has been found to be optimum for P. 

monodon growth (Forster and Beard, 1974). Several workers have reported wide 

temperature tolerance for P. monodon (Liao, 1977; Sasai, 1981; Chen, 1985). 

Chakraborti et al. (1986) observed a temperature tolerance of 24-30.SoC for this 
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species, The maximum temperature tolerance of P. monodon has been found to be 

35°C (Ravichandran et al., 1982) The weekly range of temperature observed during 

the present experimental period was 26,77 °c to 29,7 Dc. The values recorded are 

well within the optimum range suggested for the growth of P. monodon, The 

temperature fluctuation was gradual and was maintained uniformly through out the 

experimental period, 

5.2.2. pH. 

Subramanyam (1973) has observed that P. monodon require slightly alkaline 

pH, the optimum range being 8,1-8.5. Chen (1985) also suggested a similar pH range 

for its rearing, Chakraborti et al. (1986), however, obtained maximum growth rate at 

pH 8.4-8,7, A pH range of 7.3-8,5 has been suggested to be suitable for nursery 

rearing of P. monodon by Parado-Estepa et al. (1990), while Noor-Hamid et al. 

(1992) recommended a near neutral pH of 7,6-8,0 for faster growth, During the 

present experiment the weekly range in pH values in the tanks was from 8,0 to 8.6, 

These values conform to those obtained by aforesaid workers and lie within the 

optimum range, 

5.2.3. Dissolved oxygen. 

Studies made by Liao and Huang (1975) and Chen (1985) revealed that the 

oxygen consumption of post larvae of P. monodon decreased whenever dissolved 

oxygen fell below 3,8 and 4,0 ppm. Subramanyam (1973) and Chakraborti et al. 

(1985) reported that the dissolved oxygen below 2,5 ppm affected the growth and 

survival of P. monodon, Chakraborti et al. (1986) have suggested the optimum range 
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to be 6.8-7.6 ppm for P. monodon though they can tolerate dissolved oxygen as low 

as 4.8 ppm. The weekly dissolved oxygen values in the experimental tanks ranged 

from 6.82 to 7.62 ppm, since mild aeration was provided to the tanks. These values 

were found to be optimal for their growth. 

5.2.4. Salinity. 

In brackish water ponds in Philippines juvenile P. monodon grew about 50-

100 g at 10-20 ppt salinity (Mochizuki, 1979) while in Indonesia Manik et al. (1979) 

recorded better growth and production of juveniles at 15-20 ppt. Sundararajan et at. 

(1979); Sebastian et at. (1980) and Ravichandran et al. (1982) also reported 

optimum growth of P. monodoll at a salinity range of 4-20 ppt. Navas (1988) did not 

find any significant difference in growth of P. monodon post larvae reared at 4.5 and 

15 ppt with those reared at 20 ppt. Accordingly the salinity in the experimental tanks 

for rearing P. monodoll juveniles has been fixed as 20 ppt and maintained uniformly 

throughout the experimental period. 

5.3. Growth 

Results of the present study show that incorporation of chitin to the diet did 

not result in significant weight gain over the control, although the weight attained by 

juveniles fed with 0.25 g/ 100g chitin was superior to control. But enhancement of 

chitin level to 0.5 or 1 g/IOO g diet resulted in a proportionate reduction in growth 

rate as evidenced by weight as well as length. 
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Kanazava et al. (1970) obtained superior growth rate in P. japoniclis by 

incorporating chitin at 4 % level and glucosamine at 1.5% level in a purified diet. 

They obtained 63-72% higher growth rate by using a combination of both. 

Kitabayashi et al. (1971), however failed to get any growth enhancement with any 

level of incorporation of chitin in P. japonicus, while Venkataramiah et al. (1978) got 

higher growth in P. aztecus with a diet containing shrimp shell waste and attributed 

this to the presence of chitin in the shell waste. In 1986, Vaitheswaran and Ali while 

using partially demineralised prawn shell containing 43% chitin at 0.8 % level in the 

diet of P. indiclIs obtained higher weight gain over the control. 

Akiyama et al. (1989) reported a reduction in the apparent digestibility of 

feed containing chitin and recommended a lower level of prawn shell in the shrimp 

diet, Clark et al. (1993) also investigated apparent digestibility of chitin in penaeids, 

and have opined that chitin digestion varies among different species. Fox (1993) who 

obtained poor growth rate with chitin, reported a low digestibility for chitin in P. 

monodon. He observed that synthesis of endogenous chitinase in the digestive gland 

of shrimps occur at a slow rate and that juvenile shrimps are able to digest only small 

amounts of dietary chitin in the absence of bacterially produced chitinase. The results 

obtained in the present experiment show a comparatively higher growth rate at 0.25g 

chitin / 100g diet indicating that the optimum level of chitin for P. monodon may be 

around 0.25g chitin / lOOg diet or even lower and that shrimp juveniles do utilise 

chitin from a dietary source. 
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The growth rate of P. monodon in the present study shows that incorporation 

of chitosan at 0,25 g! 100g and 0,5g! 100g diet were significantly better than the 

control groups whereas at 1 g! 100g level the growth rate was not significant. The 

optimum level was found to be 0,5g chitosan I 100g diet, which was statistically 

significant from O,25g! 100g diet level of supplementation, Growth in length with 

different levels of chitosan have also shown the same trend, This observation 

indicates that shrimps may be able to utilise chitosan, which is none other than 

deacetylated chitin, Chitosan has been identified as a substrate for chitinases and 

chitobiase (Jauniaux, 1966), Fenton et al. (1978) also observed chitosanolytic 

microbes inhabiting soil and water, degrading both chitin and chitosan, The present 

study indicates the possibility of intestinal chitinolytic enzymes (mainly from an 

exogenous source) acting upon chitosan more efficiently than chitin, However it is 

seen that increasing levels of chitosan above 0,5g I lOOg diet significantly reduces its 

activity, Kono et al. (1987) found that chitosan can combine with nutrients and 

impede digestion or absorption in fin fishes which had nil or poor chitosanase 

activity, But according to Fox (1993), the chitinolytic activity in juvenile shrimps is 

mainly derived from gut bacteria, which in turn, is less in shrimps and prawns in 

comparison to fin fishes, In the present experiment it was found that the feed is better 

utilised when chitosan was incorporated to the diet which clearly indicates 

chitosanase activity in the digestive tract of P. monodoll. 

When glucosarnine was incorporated in the experimental diet, maXimum 

growth rate was obtained at 0.25g 1l00g diet level followed by 0,5g! lOOg diet level 
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both being statistically significant from other treatments. However higher 

incorporation of glucosamine ( 1 g/ 100g diet) did not result in significant weight gain. 

Gain in length have also shown a similar trend. Kanazava et al. (1970) obtained 

higher growth rate in P. japoniclIs with glucosamine incorporation at 1.5 % level 

together with chitin at 4% level whereas Kitabayashi et al. (1971) obtained superior 

growth with 0.53 % glucosamine in the diet of the same species. Higher weight gain 

in P. indiclIs was obtained by Vaitheswaran and Ali (1986) with a purified diet 

containing 0.8% glucosamine. Deshimaru and Kuroki (1974), however did not get 

any growth enhancement in P. japoniclis with glucosamine. 

5.4. Specific growth rate 

Results of the present study show that chitin had no significant effect on the 

growth of P. monodon juveniles. Moreover increasing dietary levels of chitin even 

resulted in significant reduction in the specific growth rate of shrimps. Lindsay et al. 

(1984) obtained SGR values of 1.44, 1.4 3 and 0.93 in Rainbow trout (Sa/mo 

gairdneri) at 4,10, and 25 g chitin I 100g diet respectively; whereas Vaitheswaran 

and Ali (1986) obtained SGR values as high as 5.2 in P. indiclis with 0.8 % partially 

demineralised prawn shell. But Fox (1993) did not find any significant difference 

between 4,8,12 or 16 % chitin supplemented diets with the control group in P. 

mOllodon although he noted that increasing chitin level slightly improved the SGR 

Maximum SGR of 4.3 was obtained with] 2 and 16 % supplemented diet Thus 

increase in dietary level of chitin resulted in a concomitant reduction in the specific 

growth rate offishes. 
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Incorporation of chitosan in the diet caused a significant reduction in the 

growth of the animal in the present study. Diet compounded with 0.5g chitosan 

/1 OOg diet produced the highest specific growth rate of 3.62 though it was not 

significantly different from 0,25g1100g supplemented diet (3.49), However, chitosan 

at a level of Igi 100g diet was seen to check the growth rate since SGR at Ig 

chitosan / 100g diet was found to be 3.41. Kono et at. (1987) who tried chitosan as a 

growth enhancer in Red sea bream, Japanese eel and yellow tail at 10 % level 

obtained lower growth rate than control. This might be because these fishes may not 

have been able to utilise such a high level of chitosan for its growth, The SGR values 

obtained by them for the three species were 3,3, 0,72 and 2.69 respectively which 

were less than that recorded for the control groups. The result of the present 

experiment with P. monodon is not in compliance with that of Kono et at. (loc cit.), 

This may be probably due to the difference in the chitosanolytic activity between 

these species, 

Incorporation of glucosamine at 0.25 and 0.5 gI 100g diet were seen to 

enhance the SGR significantly compared to the Igi 100g supplementation or the 

control diet. However maximum growth rate was obtained with 0.25g/100g 

supplementation (3,94) which was not significantly different from 0.5g1 100g 

supplemented diet, recording a specific growth rate of3,75. Kanazava et at. (1970) 

obtained SGR values of 1,2- 1.5 with a purified diet containing 1.5% glucosamine in 

P. japoniclIs. However Vaitheswaran and Ali (1986) obtained SGR values as high as 

5.3 with 0.8% glucosamine supplementation in a purified diet for P. indiclIs, 
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5.5. Survival 

With the addition of chitin in the diet the percentage survival values of P. 

monodon in the present experiment were maximum (80%) at 191 100g diet 

supplementation level in comparison to the other two treatments of chitin, both 

registered survival of 76.7% each. However there was no significant difference 

between the treatments. 

Kanazava et al. (1970) obtained survival values as high as 95-100 % in P. 

japonicus with 4% chitin in the diet. Sick and Andrews (1973) and Balazs et al. 

( 1973) have obtained high survival values in shrimps with shrimp shell 

supplementation in the diet while Pascual and Destajo (1978) did not observe any 

enhancement of growth or increase in survival of shrimps when fed on shrimp shell 

supplemented diet. Simpson (1981) who studied the effect of shrimp shell in the 

growth and survival of prawns observed that the presence of chitin does not 

contribute to higher survival rate. A high survival of 75 % in P. indicus was reported 

by Vaitheswaran and Ali (1986) when the shrimps were fed on feeds containing 

partially demineralised prawn shell. Fox (1993) obtained a maximum survival of82 % 

with 4% chitin supplementation in the diet of P. monodon although on further 

addition of chitin survival rate was seen to be reduced. 

Percentage survival values with chitosan as a growth promoter in the present 

study indicated that there is no significant difference between various treatments. 

Maximum survival of 80% was achieved at both 0.25 and 0.5 gl100g level while 
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further addition (1g1100g) reduced the survival rate to 70 %. However there was no 

significant difference between the treatments. 

Incorporation of glucosamine to the diet have resulted in maximum survival 

rate of P. monodon in the present experiment. At 0.25g11 OOg, the percentage survival 

was 83.3 % while further addition resulted in a reduction in survival by 10% from the 

former. Kanazava et al. (1970) obtained survival values as high as 95-100% in P. 

japonicus with glucosamine at 1.5% level, while Kitabayashi et al. (1971) reported 

increased survival rate in the same species with glucosamine supplementation at 

0.53% level. The survival values obtained by Vaitheswaran and Ali (1986) at 0.8% 

level in P. indicus is comparable with the percentage survival obtained in the present 

study with glucosamine at 0.5 and 191100g diet. Maximum survival was obtained at 

0.25g glucosamine I 100g diet which has been identified to be the optimum level for 

incorporation in to the practical feeds of P. monodon in grow out system. 

5.6. Food conversion ratio. 

In the present study, when chitin was incorporated in the diet of P. monodon 

the FCR values ranged from 3.27-3.78. Chitin at 0.25g1 100g diet resulted in 

significant reduction in the food conversion ratio (3.27) compared to the control 

group where the FCR was 3.61. With 0.5 and Ig chitin per 100g diet the FCR values 

obtained were 3.66 and 3.78. Food conversion ratio ranging between 2.27 and 3.02 

were reported by Ahmad Ali (1982) and Ahamad Ali and Mohamad (1985) in P. 

indicus with feed containing shrimp shell waste. Lindsay et al. (1984) reported FCR 

of 0.89, 0.89 and 1.53 with diets containing 4, 10 and 25 % chitin in Sa/mo 
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gairdneri. But they found the least FCR of 0.87 in the control group. The FCR value 

obtained by Vaitheswaran and Ali (1986) with partially demineralised prawn shell in 

P. indicus was reported to be 2.18 which was statistically significant from the control 

in which the FeR was 2.84. Kono et al. (1987) reported high feed efficiency of 17.7, 

29.8 and 21.2 % with feeds containing 10 % chitin in Red sea bream, Japanese eel 

and Yellow tail. These feed efficiency values were found to be superior than that 

obtained for control group or those fed 10 % chitosan or 10% cellulose. FeR as high 

as 6.21 in P. manadan was reported by Fox (1993) with a chitin containing diet 

All levels of chitosan were found to produce significant reduction in feed 

conversion rate in the present study. Lowest FeR of 2.65 was produced by 0.5g1 

100g diet supplementation of chitosan. This may be possible because of the ability of 

chitosan to combine with the nutrients of the feed thus preventing its leaching into the 

water. However Kono et al. (1987) reported poor feed efficiency in Red sea bream, 

Japanese eel and Yellow tail with 10% chitosan supplementation. This may be due to 

difference in the chitosanolytic activity in various species. More over Kono et at. (lac 

cit.) have incorporated a higher level of chitosan to the feed and whether the level of 

chitosan had influenced the FeR is not clear. 

Glucosamine incorporation at 0.2Sg I 100g diet was seen to have reducing 

the food conversion of shrimp juveniles to the minimum. Inclusion at 0.25 and 0.5g ! 

100g diet reduced the food conversion ratio to 2.41 and 2.67 respectively, but there 

was no significant difference between these two. However at 191 lOOg level of 

incorporation FeR values were raised to 3.9 which was even more than the FeR 
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value obtained for the control (3.6]). Vaitheswaran and Ali (1986) also obtained 

significant food conversion value of 2.05 in P. indicus when glucosamine was 

incorporated in the diet at 0.8% level. 

5.7. Protein efficiency ratio 

Appropriate and simple measures of the utilization of dietary protein by fish 

are protein efficiency ratio and productive protein value. Protein utilization depends 

essentially on fish species and size, environmental features, protein quality, level of 

dietary protein and utilizable dietary energy, kind of energy source and amount of 

feed (Steffens, 1981; Jauncey, 1982). 

In the present study protein efficiency ratio of feed containing chitin at three 

levels were not found to be significant from the control. Protein efficiency ratio of 

feeds incorporated with 0.25, 0.5 and 19 chitin IlO0g diet were 0.73, 0.68 and 0.66 

respectively, while that of the control was 0.69. All treatments of chitosan have been 

found to be superior to the control group. Maximum PER of 0.94 was obtained with 

0.5g chitosan I 100g diet, while 0.25 and Ig chitosan I 100g diet produced PER of 

0.78 and 0.75 respectively, which were not significantly different from each other and 

from 0.25g chitin supplemented diet (0.73). 

Feeds containing 0.25 and 0.5g glucosamine I 100g diet have been found to 

be superior to all other treatments tested. The PER of the former was 1.03 while that 

of the latter was 0.94. However 0.25 g glucosamine I 100g diet was not statistically 

significant from 0.5g chitosan supplemented diet. Incorporation of glucosamine at 

still higher rates in the feed resulted in poor protein utilization, as evident from the 
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present experimental results where shrimp juveniles fed with 1 g glucosamine / 100g 

diet supplemented diet had a PER of only 0.64 which was even lower than the 

control with PER of 0.69. 

Colvin (1976 b) has obtained PER value as high as 0.95 in P. indiclIs while 

Sedgewick (1979) obtained PER value up to 0.90 in P. merguiensis with a feed 

based on Mytillls edulis. In 1992, Josekutty and Susheela obtained PER values as 

low as 0.817 for P. monodon when prawn shell was used as a protein source in the 

diet, while Anilkumar (1994) obtained a PER of 0.82 in Macrobrachium rosenbergii 

with the same protein source. PER values obtained with chitin as a growth promoter 

at three levels of incorporation were less than the value obtained in earlier studies 

with prawn shell waste as protein source in Penaeus monodon and Macrobrachium 

rosenbergii. However PER with chitosan at 0.5g/ lOOg diet level and glucosamine at 

0.25 and 0.5g/ 100g diet level were higher than the value obtained by Josekutty and 

Susheela (1992.) with prawn shell in the same species. It was also comparable with 

PER obtained by Ahamad Ali (1982) with prawn shell waste in P. indicus and with 

that of Boby and Susheela (1996) with purified diet where oxytetracycline was 

incorporated as a growth promoter in Macrobrachium rosenbergii. 

It may be presumed that P. monodon might be deriving a portion of its energy 

requirement from substances like chitin, chitosan or glucosarnine at low levels of 

incorporation in the diet. However, higher levels of incorporation do not seem to 

have any influence on growth since the activity of the chitinolytic enzymes might be 

lower compared to adult shrimps or fin fishes. Fin fishes seem to be efficient utilizers 
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of dietary protein when compared to shell fishes since values as high as 2.7 (Steffens 

and Albrecht, 1979) and 3.3 (Takeuchi et al., 1978 b) have been reported for 

Rainbow trout Salmo gairdneri. Degani et al. (1989) have also reported higher PER 

values in Clarius gariepinus. 

5.S. Productive protein value 

Protein utilization by fishes can also be expressed in terms of productive 

protein value. It has been used as an index of protein utilization (Steffens and 

Albrecht, 1975; Reinitz et al. 1978; Steffens, 1981; Degani et al., 1989). Very high 

PPV values of 34-39 have been obtained in Salmo gairdneri (Steffens and Albrecht, 

1975; Cho et al. 1976; Reinitz et al. , 1978). Steffens (1981) has reported PPV as 

high as 30.3 in Salmo gairdneri and 23.2 in Cyprinus carpio. Takeuchi et al. (1978 

b) obtained PPV of 51 in Salmo gairdneri while Degani et al. (1989) reported very 

high PPV in Clarius gariepinus. But studies on productive protein value of 

crustaceans especially of prawns and shrimps are scarce (James et al. 1990; Boby 

and Susheela, 1996). 

In the present study with three levels of chitin incorporation in the feed the 

PPV obtained were not significantly different from the control group. PPV at 0.25g 

chitin / lOOg diet level (lOA) was slightly higher than the control (9.57) even though 

they were not significantly different from each other. At higher levels of chitin 

incorporation (0.5 and 19! lOOg diet) the protein retention was seen to be lower than 

the control. 



82 

All levels of chitosan supplementation in P. monodon showed significantly 

higher PPV than the control. Maximum protein retention was at O. 5g11 OOg diet level 

(14Al) followed by 0.25g1100g diet (11.52) and 191 100g diet level (10.88). The 

latter two values (11.52 and 10.88) were found to be significantly different from the 

former (14 Al ). 

Inclusion of glucosamine at 0.25g1 100g diet gave the highest PPV (16.6) 

followed by glucosamine at 0.5g1 100g diet level (14.38) However higher rate of 

incorporation resulted in lower performance than the control diet 

James et at. (1990) reported PPV of6.67 for !:ipirulina based test diet and 

9A2 for casein based control diet for M rosenbergii post larvae. Boby and Susheela 

(1996) in their studies on the use of growth promoters in M. rosenbergii post larvae 

obtained a PPV of 13 A8 when 10 ppm oxytetracycline was incorporated in a casein 

based purified diet; while the PPV of control diet was 8.99. The result of the present 

study indicates that glucosamine at 0.25 and 0.5g1 100g diet and chitosan at 0.5g1 

100g diet are superior to other treatments in P. monodon in terms of protein 

deposition. Hence it may be summarised that efficient protein sparing action by these 

substances at specific levels of incorporation enabling faster growth of the animal. 

The results of the present study indicates that chitin does not have a highly 

positive growth promoting role in P. monodon though small level of incorporation 

can enhance the growth slightly. Low levels of chitosan (0.5g 1l00g diet) is found to 

be very effective in promoting growth and feed conversion while high levels (lgl 

100g diet) do not produce such growth effect. Glucosamine at 0.25g1 100g diet 
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seems superior to all other treatments based on growth, food conversion, PER and 

PPY. Very high levels of all growth promoters used in the present study were seen to 

lessen the efficiency and quality of feed thus reducing the growth rate. This may be 

due to the low chitinase activity in P. monodon juveniles as concluded by Fox 

(1993). 



SUMMARY 
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VL SUMMARY 

The present experiment has been carried out to find out the comparative 

efficiency of chitin, chitosan and glucosamine as growth promoters in Penaeus 

monodon juveniles. 

1. Each growth promoter was incorporated at three levels viz. 0.25, 0.5 and 

1.0g per 1 ~Og diet, in order to find out the optimum level of each .. 

2. The growth promoters were incorporated into a practical diet based on 

soyflour-clam meal containing on an average 40.29010 crude protein, 5.66 % crude 

fat and 22.93% carbohydrate. 

3. The test diets prepared for the experiment were control diet To without 

incorporation of any growth promoter, feed containing 0.25, 0.5 and Ig chitin per 

l00g diet designated as T 1, T2 and T3, feeds with similar levels of chitosan 

designated as T4, T5 and T6, and feed containing glucosamine at the same three 

levels designated as T7, T8 and T9. 

4. The duration of the experiment was 70 days. Various parameters like 

growth, specific growth rate, survival, food conversion ratio, protein efficiency ratio 

and productive protein value were worked out in order to find out the comparative 

efficiency of each of the growth promoter. 

5. The results showed that incorporation of chitin does not have any 

significant growth promoting effect in P. monodon, though the growth obtained 
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with feed containing 0.25g chitin per lOOg diet was slightly more than that of 

control. Shrimps fed on all levels of chitosan have shown better growth than the 

control group. The weight gain of P. monodon juveniles fed on feeds containing 

glucosamine at 0.25 and O.5g per 100g diet were superior so far as growth 

parameters were concerned; but increased levels of glucosamine had a negative 

effect on growth of shrimps. Growth in length has shown a similar trend in all cases. 

6. The specific growth rates of shrimps fed on different levels of chitin 

were seen to be 3.33,3.31 and 3.29 for Tl, T2 and T3 respectively, none of which 

were significantly different from the control (3.33). The SGR 's of shrimps fed on 

diets containing chitosan were 3.49, 3.62 and 3.41 respectively for T4, T5 and T6. 

The treatment T5 was seen to be significantly different from the control group. 

Incorporation of glucosamine also resulted in an improved SGR in shrimps. 

Addition of 0.25 and 0.5g of glucosamine per lOOg diet has produced the highest 

specific growth rate (3.94 and 3.75 respectively) while still higher inclusion resulted 

in lowering of SGR. 

7. No significant difference was obtained in the percentage survival values 

when chitin was incorporated into the diet. Maximum survival of 80% was 

obtained at 1 g chitin per 100g diet while the other two treatments of chitin had 

a survival rate of only 76.7% each, while that for the control group was 66. 7%. 

There was no significant difference in survival values between various treatments of 

chitosan too. Maximum survival of 80% was obtained at both 0.25 and 0.5g per 

lOOg diet level while further addition (lg per lOOg diet) reduced the survival rate to 
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70%. Incorporation of glucosamine at 0.25g per 100g diet resulted in maximum 

survival of 83 .3% in P. monodon in the present experiment. Further addition 

resulted in a reduction of 13% in survival rate from the former treatments 

8. Chitin at 0.25g per lOOg diet resulted in significant reduction in the food 

conversion ratio (3.27) compared to the control group where the FCR was 3.61. 

With 0.5 and Ig chitin per 100g diet the FCR values obtained were 3.66 and 3.78, 

both being not significantly different from the control. However FCR of 3 .13 and 

2.65 obtained in diets containing 0.25 (T4) and ) 0.5g (T5) chitosan per 100g diet 

exhibited significant difference with control but the FCR value of 3.34 in 

treatment T6 (Ig chitosan per 100g diet) did not vary significantly. FCR values 

of diets with glucosamine as the growth promoter were 2.41,2.67 and 3.9 for T7, 

T8 and T9 respectively, the former two being significantly different from the 

control group. 

9. Protein efficiency ratios of feed containing chitin at three levels were not 

found to vary significantly from the control. The PER of feeds incorporated with 

0.25, 0.5 and Ig chitin per 100g diet were 0.73, 0.68 and 0.66 respectively while 

that of the control was 0.69. All levels of chitosan have been found to be superior 

to the control group, but maximum PER of 0.94 was obtained with 0.5g per 100g 

diet. Feeds containing 0.25lnd 0.5g glucosamine per 100g diet were found to be 

superior to all other treatments tested. The PER values obtained for these 

treatments were 1.03 and 0.94 respectively while that for T9 with Ig per 100g 

diet was only 0.64 which was even lower than the control. 
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10. Chitin incorporation in the feed at 3 levels gave productive protein 

values of 10.4, 9.4 and 9.0 respectively for treatments T1, T2 and T3 while for the 

control it was 9.6. None of these treatments were significantly different from the 

control group. All levels of chitosan supplementation have shown significantly 

higher PPV than the control. Maximum protein retention was obtained at 0.5g 

chitosan per 100g diet level (14.41) followed by 0.25g (11.52) and Ig per 100g diet 

level (10.88) ; the former being statistically significant from the latter two. Inclusion 

of glucosarnine at 0.25g per lOOg diet gave the highest PPV (16.6) followed by 

glucosamine at 0.5g per 100g level (14.38) both being statistically significant from 

the control group. However higher rate of incorporation resulted In poor 

performance (9.09) than the control diet. 
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vm. ABSTRACT 

The Effect of three growth promoters viz., Chitin, chitosan and glucosamine each 

at three levels (0.25, 0.5 and Ig per IOOg diet) were evaluated in P.mollodon early 

juveniles for a period of 70 days. The three growth promoters at three level were tested 

with 3 replicates for each treatment. The growth promoters were incorporated into a 

soyflour clam meal based practical diet containing 40% protein and fed to the shrimps ad 

libitum. 

The results showed that the overall growth was not affected by dietary inclusion 

l 

I 

I 

of chitin though the growth rate at 0.25g chitin per 100g diet was comparatively better I 

than that of the control diet. Chitin does not seem to have any effect on specific growth I 

rate of the juveniles although incorporation at 0.25g1100g diet improved the food 

conversion of the animal significantly over the control. Percentage survival values were 

also not significant at any level of incorporation. It does not seem to improve protein 

efficiency ratio and productive protein value too. 

Incorporation of chitosan at 0.25 and 0.5g1IOOg diet significantly improved the 

weight gain, specific growth rate, food conversion ratio, protein efficiency ratio and 

productive protein value. However inclusion of chitosan at IgilOOg diet did not have any 

effect on growth though it significantly improved food conversion ratio, protein fficiency 

ratio and productive protein value. None of these treatments had any effect on survival 

of the animal. 

I 

I 



Incorporation of glucosamine into the diet at O.2SgllOOg diet was found to be 

the most efficient amongst the different treatments as evidenced by various growth 

parameters. It was significantly different from all other treatments in terms of growth, 

productive protein value and protein efficiency ratio. However it was not significantly 

different from glucosamine incorporation at O.SgiIOOg diet in terms of specific growth 

rate and food conversion ratio. Enhancement of glucosamine level to IgilOOg diet was 

found to give poor result compared to the control. The survival rate of shrimps were not 

significantly different among the treatments. Hence in the present study, glucosamine 

was found to be superior to chitin and chitosan as a growth promoter and the optimum 

level was identified as O.2SgllOOg diet for P. monodon juveniles. 
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